An investigation into the mode of action of the anthelmintic emodepside: a molecular, pharmacological and electrophysiological characterisation by Guest, Marcus
University of Southampton Research Repository
ePrints Soton
Copyright © and Moral Rights for this thesis are retained by the author and/or other 
copyright owners. A copy can be downloaded for personal non-commercial 
research or study, without prior permission or charge. This thesis cannot be 
reproduced or quoted extensively from without first obtaining permission in writing 
from the copyright holder/s. The content must not be changed in any way or sold 
commercially in any format or medium without the formal permission of the 
copyright holders.
  
 When referring to this work, full bibliographic details including the author, title, 
awarding institution and date of the thesis must be given e.g.
AUTHOR (year of submission) "Full thesis title", University of Southampton, name 
of the University School or Department, PhD Thesis, pagination
http://eprints.soton.ac.ukUNIVERSITY OF SOUTHAMPTON
FACULTY OF MEDICINE, HEALTH AND LIFE SCIENCES
DIVISION OF NEUROSCIENCE
AN INVESTIGATION INTO THE MODE OF ACTION OF THE 
ANTHELMINTIC EMODEPSIDE ; A MOLECULAR, 
PHARMACOLOGICAL AND ELECTROPHYSIOLOGICAL 
CHARACTERISATION
By
Marcus Guest
Thesis for the degree of Doctor of Philosophy
September 2008 
UNIVERSITY OF SOUTHAMPTON
FACULTY OF MEDICINE, HEALTH AND LIFE SCIENCES
DIVISION OF NEUROSCIENCE
Doctor of Philosophy
AN INVESTIGATION INTO THE MODE OF ACTION OF THE ANTHELMINTIC 
EMODEPSIDE; A MOLECULAR, PHARMACOLOGICAL AND 
ELECTROPHYSIOLOGICAL CHARACTERISATION
Marcus James Guest
                                                                                                              
                                                                                                           
                                                                                                         
                                                                                                             
                         Caenorhabditis elegans 
                                                                                                        
                                                                                       Haemonchus 
contortus                                              et al        Caenorhabditis elegans                  
            lat-1     lat-2               lat-1                                                    C. elegans 
                               et al                            lat-1    lat-2                                 
               C. elegans              ’                                                   lat-1     lat-2    
                                            C. elegans              ’                                            
                                                                                      ’                     
                                                                                                             
                                                                          C. elegans                               lat-
1 ok1465      lat-2 tm463                                                                                  
                         ’                                          N2                                           
                                        lat-1     lat-2   lat-2 tm463  lat-1 ok1465                    
                 lat-2 tm463  lat-1 ok1465                                                                 
          ’                                    N2                lat-1 ok1465      lat-2 tm463  lat-
1 ok1465                                        ’                                                         lat-1
                                  ’                                                                            
                                                                                      
                                                      slo-1                                                 
                                  ’            C. elegans                                                    
                                                                                                               
                                            slo-1      slo-1 js379                                               
                   μ                                                                                   
              slo-1                                                                                       
                                                                                                          
                                slo-1                                                                     
                                                                                              et al              
                                                                                                            
                           
                               slo-1                              slo-1                       slo-1 js379         
                                                                                                   
          ’                                                                                              
                                                                                                              
                                                                                                       
                 et al                                              N2                                       
                                                                                                           
                                                                                                             
                                                                                                           
                                                                                                             
                                                
            
                                         ’                                             
                                                                                                      
                                              Caenorhabditis elegans  International Journal for 
Parasitology               
               ’                                                                             
                                                                          Caenorhabditis elegans
                                         Invertebrate Neuroscience             
                                                                        ’                 
                                                                                                    
                                                                                              
                                               
                                                                                    
                                                                             European worm meeting.
               
                                                                                                
                                                                 
        
                       
      
              …………………………………………………………………       
     C. elegans……………………………………………………………… …       
     C. elegans                    ……………………………………………        
     C. elegans           ……………………………………………………         
                                  …………………………………………        
                      …………………………………………………… …         
                                 ……………………………………………        
                                                           ………… …        
                                      ……………… ………………………         
                              ………………………………………………          
                                                         …………………        
                                                                 
                    ………………… ………… …………………………          
                                       ……………………………………        
                            … ………………………………………………        
               ’             C. elegans………  ……………………………         
                                          …………………………………        
                …………………………………………………… …………        
     C. elegans            ……………………   ……………………………        
                                                 ……… ……………………         
                 ………   ……………………………………………………          
                  
       
                                  ………………………………………        
     C. elegans                      ………… ……………………………         
                               …… ……………………………………          
                              …… ………………………………………        
                          ……………   ……………………………………           
                                   …… …………………………………           
                                      ………… …………………………         
                                      ……………………………………         
                                        ………… ………………………        
     C. elegans                       ……   ……………………………          
     C. elegans               ……   ………………………………………         
                              ………………………………………………        
                     ………  ………………………………………………          
                        ……  ………………………………………………          
                                                 …………………………        
                               …………… ………………………………        
                              ………………………………………………        
                                      …   ………………………………         
                  ……………………………………………………………         
               ………  ………………………………………………………        
     C. elegans                     ……… ………………………………         
                                …………………  ………………………         
                 ……………   ………………………………………………        
     lat-2 lat-1              ………………  ………………………………         
                     ……  ………………………………………………          
                          ……………………  ……………………………        
                     ……………  …………………………………………        
                 ……………   ………………………………………………          
                        …………… ………………………………………        
                         …………………  …………………………………        
                                                          ’                
       
                …………………  ……………………………  ……………          
                                                                 ………          
    lat-1 ok1465                             ………………… ……………         
    lat-1 ok1465                                 ’                                   
    lat-2                 ………  ……………………………………………          
                              lat-2 ok301      lat-2 tm463 ………… ……         
    lat-2 lat-1              ………………………… ………………………        
                              lat-2 tm463  lat-1 ok1465 … ………………          
              ……………………   …………………………………………          
                                                                                  
                             slo-1                                     ’        
       
                …………………………  ……………………………………         
                      ……  …………………………………………………         
                    …………  ……………………………………………          
                         ………  …………………………………………           
                  slo-1                                       …   ……         
              ……………………………………………………   …………           
                                   slo-1        
        
                ……………………………………  …………………………         
    slo-1 js379                           ………………  …………………           
                                               slo-1        ………………           
                          slo-1        ……………………… ………………         
                            slo-1        ……………………… ………………         
    slo-1 ky399      slo-1 ky389                                     
                   N2                                      … ………           
              …………………………………………………………………           
                                                                      ’                
        
                 ……………………  ………………………………………           
     C. elegans                ………………………………………………           
                            slo-1                                    
slo-1 js379 …………………………………………………………   …………         
                                    slo-1                                           
                   slo-1                                             
                      …………  ……………………………………………           
                                ……… ………………………………………         
     slo-1 js379                            …………………………………           
                          N2                        ……   ………………          
                                slo-1 js379                      …………           
     slo-1 js379             slo-1                                                    
     slo-1 js379             slo-1                                      
              …… ……………………………………………………………         
                                                ……………………………         
     slo-1 js379                                    … ………………………         
               ………   ………………………………………………………          
                                                      ’                  
        
                ………………………………………… ……………………          
                  C. elegans slo-1               …………… ……………           
                        ………………………………………………………         
                                       ……………………………………         
                                          ………   ………………………          
    C. elegans slo-1                                                                   
    Homo sapiens kcnma1                                                             
              ……………………………   ……………………………………         
                      
        
          ……………   ………………………………………………………           
              …………  ………………………………………………………            
       
                           C. elegans                                         
                        ………………………………………………………       
                                             C. elegans……………………       
             C. elegans                …………………………………         
                              C. elegans     ………………………………        
                                                         ……………          
                                                                             
                                                    ……………    …        
                                                                       
       …………………………………………………………………………        
                                                       ………………           
                        α        …………………………………………          
                                                  ……………………          
                                        ……………………………………        
                                   …………………………………………         
                                                ……………………………        
                                              ………………………………        
                                    …………………………………………          
                                         …………………………………         
                                                    ………………………          
                                                …………………………         
                          ……………………………………………………        
                             lat-2 lat-1             …………………………        
                             dpy-                       ………………           
                                                                     …         
                                                            slo-1 js379  
      …………………………………………………………………………          
                                C. elegans……………………………………        
                               lat-1 ok1465               …………………            
                                   lat-1 ok1465 ……………………………        
                                                   ………………………           
                                      ……………………………………          
             lat-1 ok1465          …………………………………………          
             lat-1 ok1465               ……………………………………          
                                   lat-2 ok301      lat-2 tm453 …………             
                                      ……………………………………         
             lat-2 tm463          ……………………………………………        
             lat-2              ………………………………………………        
             lat-2 lat-1                           …………………………        
                             lat-2 lat-1         …………………………           
             lat-2  tm463  lat-1 ok1465               ……………………          
             C. elegans            …………………………………………          
                                           pd19…………………………         
                                   pd19…………………………………            
             slo-1 js379              …………………………………………          
             pd19                        slo-1 js379 ………………………         
             pd23                        slo-1 js379 ………………………         
             pd21                        slo-1 js379 ………………………         
             pd17                        slo-1 js379 ………………………         
             pd24                        slo-1 pd23 ………………………          
             pd47                        slo-1 pd23 ………………………          
             pd46                        slo-1 pd23 ………………………          
                                    slo-1     ………………………………         
             slo-1           …………………………………………………          
                           pd17 slo-1     …………………………………         
                           pd19 slo-1     …………………………………         
                           pd23 slo-1     …………………………………         
                           pd24 slo-1     …………………………………         
                                                    ……………………           
                                                               
          ’                …………………………………………………             
             slo-1 js379                              ……………………           
                       ’             N2     slo-1 js379              ……         
             slo-1                                ……………………………           
             slo-1                            …………………………………         
             slo-1                              …………………………………             
                                          slo-1                                    
                                                    ………………………         
                                              ……………………………           
                                                                  
      …………………………………………………………………………          
             slo-1                                          ………………          
                                                    ……………………         
             slo-1                                                  ………         
             slo-1                                                  
           ………………………………………………………………………          
             slo-1 js379                      …………………………………          
                                       N2                     …………           
                                      N2                     ……………         
                                                                        
          ……………………………………………………………………           
             slo-1 js379                                               
          ……………………………………………………………………           
             slo-1                                              
                 …………………………………………………………………         
             slo-1                                                      
                 ………………………………………………………………            
                                       N2                       …………         
             slo-1 js379                        ………………………………          
                               slo-1                    …………………         
                               slo-1                    …………………         
             slo-1                                   …………………          
                                                   slo-                           
                               ………………………………………………         
                                                  ………………………         
                                                                      …           
                                                                      
        ………………………………………………………………………           
                                                          C. elegans slo-1 
                                            ……………………………           
                                                          H. sapiens
kcnma1              C. elegans slo-1                                 
            …………………………………………………………………          
             kcnma1                                     ………………           
                                                        ………………         
          lat-2 tm465  XA3727                ……………………………          
          lat-2 ok301                                               ……           
                   lat-2 ok301                              ……………           
                             slo-1              ……………………………           
      
                             ……………………………………………         
                                                                       
                                               ……………………………        
                                                           ………………        
                                                  ……………………          
                                ……………………………………………         
                                                     …………………        
                                   ………………………………………         
                                                    ………………………         
                                                    ……………………         
                                          ………………………………         
            slo-1                    ………………………………………            
                                                              …………          
            slo-1                         …………………………………         
                                                                 …………          
                                        …………………………………           
                        slo-1             ……………………………             
                             
                
                                                                                     
                                                                               
                                                                                            
                                                                                            
                                                                                          
slo-1                                                          –                        
                       
                                                                                          
                                                                                
                               
             
                                   
                          
                 
                         
                                                             
                    
A. suum Ascaris suum
                             
                                       
C. elegans Caenorhabditis elegans
    C. elegans                
                                            
              
C. oncophora Cooperia oncophora
                            
                  
                         
                            ’        
                       
                         
                                    
                                 
                                   
                                     
                                       
                            
                        
                       
                          
                              
                             
G. pallida Globodera pallida
                               
G. rostochiensis  Globodera rostochiensis
H. contortus Haemonchus contortus
                                      
                         
                
                                  
                          
              
                              
              
                      
                         
                                           
            
          
                                      
                                     
                                 
                       
                          
                                 
                             
                             
                          
          
                               
                    
                             
    Panagrellus                           
                                      
    β                 β   
                                  
                              
                                       
                                             
                    
                                  
                                                      
                               
                                  
                     
T. canis Toxicara canis
                      
T. leonine Toxicara leonine
                             
            
         
         
           
          
        
            
          
         
         
          
          
             
              
                            “                                                          
                                                                                             
                                                          ”                                  
                                                                                     
                  et al                                                                         
                                                                                          
                                et al       
               ●
                      C. elegans  ●●●
               ●●
              ●
           ●
           ●
           ●
             ●●●
           ●●●
             ●
          ●
              ●
           ●
          ●
             ●●
             ●
            ●●
             ●
                  ●
            ●●
           ●
           ●●
                                                                              
                                        et al        
             ●
                           ●
          ●
               ●
               ●
                      ●
                     ● 
                                                                                         
                                                                                             
                      Caenorhabditis elegans  C. elegans                                   
                                                                                          
                                      
     C. elegans
C. elegans                                                                                  
                                                                                              
                                                                                       
                                                                                                    
                                                                                            
                           C. elegans                                                     
                                                                                         
                                                                                               
                                                                   et al       
C. elegans 
           
                                                                                            
                                                                                              
                                                                             
                                                                                     
                               
                                                          
                                                                                         
                                                                          C. elegans
                                                                                        
                                                                                         
                C. elegans                                                                       
                                                                                         
             
     C. elegans                    
C. elegans                                                                        
                                                                                   C. elegans
                                                         C. elegans                          
                                                                                      
           H. contortus                                                                         
                                    C. elegans                                            
                                                       C. elegans                        
                                                                                          
         
     C. elegans           
C. elegans                                                                               
                                                                                      
                                                                                        
                                                                      C. elegans          
                                                                               
                                             C. elegans                  C. elegans 
                                                                                           
                                                                                     
             C. elegans                                                                   
                                                                                             
                                                                                 
                                                                                       
                                                                                        
                                                                                            
                                                                                                 
                                                                                                
                                                                                      
                                                                                                
                                   C. elegans                                           
                                                                                           
       
     
              
         
    
     
                 
                                                              et al                   
                                                                                            
                                                                                      
                                                                                             
                                                                                              
   
     
             C. elegans                                                            
                                                                                         
                                                                                                  
                                                                                      et al
     
                                                                  C. elegans             
                                                                                              
                                                                                           
                                                                                            
                                                                                         
                                                                                            
                                                                                   
                                                                                           
                                                                                 
                                                                                       
                                                                                              
        
    
                            
                    
                
             
                            
             
          
       
                                                                                       et al
      
                                                                                  
                                                                                           
                                                                                               
             C. elegans                                                                      
                                                                                              
                                                              en passant     C. elegans 
C. elegans                                                                                   
                                                                                               
                                                                                             
                                                                                            
                                                                                          
                                                                            et al         
                                                                                        
                                                                                                
                                                                                           
                                                                                              
                                                                                              
                                                                                             
                                                                                         
                                                                                              
                                                                                         
                                                                                    
                                                                                        
                                                                                           
                                                                            et al        
                              C. elegans                                              
                                                                                           
                                                                  et al       
                                  
                                                                                          
                                                                                  
                                                                                             
                                                                                     
                                                                                           
                                                                                         
                                                                                    
                                                                                           
et al                                                                                      
                                                                                       
                                                                                        
                                                                                      
                                         et al             et al                            
                                                                                          
                                                                                           
              C. elegans                                            Ascaris lumbricoides
          et al                                                C. elegans                         
                                             et al                                             
           C. elegans                                                                
                                                  unc-25                                       
                                                                          
                                                                                  
                                                                                            
                                                                                 
                                                                          et al       
                                                                                              
                                                                                             
                       Ascaris lumbricoides                                                  
          
                     
          
          
          
   
             
              
   
   
                       
      C. elegans                                                                          
                                                                           C. elegans. 
                                                                                             
                                                                                     
                                                                                  
                                              et al                  et al                
                                                     C. elegans                                     
                                                                                          
                                                                                           
                                                                                            
                                                                                        
            at al       
                      
C. elegans                                                                                     
                                                                                           
et al        C. elegans                                                                 
                                                                 
                C.  elegans                                                              
                                  C. elegans                  C. elegans                     
                                                                                        
                                                                                          
                                              Xenopus                                  
                                                                                        
                                                                                           
                                                                                         
                                                             α                       
    α                                                                                
                                                                          lev-1     lev-8  
                                                  et al                                       
                                                                                                   
                                                             α                      et al
       C. elegans                                                                    
           gar-1 gar-2     gar-3  
                                                                                              
C. elegans                                                     ace-1  ace-2     ace-3        
                                                                                      
                                  ace-1  ace-2     ace-3                       et al        
unc-17                                  et al                                             
                     et al        unc-17                                                        
                                                             cha-1                           
 cho-1                                        
             C. elegans                                                                
                                                                        C. elegans     
                                                                                   
                                                                                       
                                                                                         
                                                                 unc-49    C. elegans  
                                                                                           
                                                                et al            
                                                                                  
         exp-1                                                                            
                                                                                 
                                                                                    
                                                                                        
                 
                                                                                  
              C. elegans                                                                   
                                                                                     
                                                                               C. elegans   
                                                                                         
                                                 tph-1                                   
                                        et al        tbh-1           β                  tdc-
1                                                                             et al       
    cat-2                                                                            
                                                                                    
                                                           
                                                                         C. elegans,           
                                                                                        
                                                                                             
                                                                                           
                                                                                        
     α                                                                               
                                                                                        
             C. elegans                      nmr-1     nmr-2                     
           glr-1    glr-8                                                                   
                                                                                             
                       et al        
                                                                                              
                                                                                          
                              avr-15                                                      
                                                                                   
                                                                                           
                                                                                           
                                                                                         
                                      avr-15                         ad1051                   
                                                      ’                                   
C. elegans                                                                         
                                                                       mgl-1  mgl-2     mgl-3 
        et al                                                                                  
             C. elegans   
C. elegans                                                                     C. elegans 
                                             ins                                     flp
                                                           nlp                           
                                                                                      
                                                                                          
                                                    et al                                     
                                                                                          
                                                                        et al        
                                                                                      et al 
                                                                       flp    flp     flp     
    flp                                                                                  
                      flp                                                            
          et al                                                                      
                               et al                                                    
                            et al                                                            
                         C. elegans                                                     
                                                                             
                                 
                                                       C. elegans                            
                                                                              
                                                                                   C. 
elegans                                                                                   
                                                                                             
                                           ’                                                  
                                                                                        
                                                                                               
                                                                                  
                                                                                           
                                                C. elegans                                  
                                                                                              
                                                                                     
                                                                                        
                                                                                     
                  C. elegans             C. elegans                                 
                                                                                     
                                                        
                                                           
                                                     ’                                         
                                                                                                
                                                                                             
                                                                                        
                                                                                        
                                                                                            
                   Ascaris lumbricoides               Enterobius vermicularis        
      Ancylostoma duodenal                 Trichuris trichiura                           
                                                                                            
                                                                                          
                                                                                              
                                Wuchereria bancrofti     Onchocerca volvulus       
                                                                                        
                                                                                               
                                                                                                 
                    
                                                                                   
                                                                                      
                                                                                          
                                                                                           
                                                                                
                                                                                              
                                                                                          
                                                                                             
                                                                      
                                            
                                                                    
                                                                                       
                        
                                                  
                                             
                                                                                       
                                                                                         
                                                                                        
                                                              
                                      
                                                                                      
                                                                                                
                                                                                       
                                                                                             
                                                                                           
                    Haemonchus contortus                                                   
                                                                                              
                                                                                         
                                                                                H. 
contortus                                                                                  
                                                                                   
                                                  Cooperia oncophora                      
                     C. oncophora                                                        
                                                   Dictyocaulus viviparous                 
                                                                                                   
                                                                                            
                                                                                        
                                                                  
                              
                                                                                                
               Globodera rostochiensis     Globodera pallida                           
                                                                                        
                               G. rostochiensis     G. pallida                                   
                                                                                             
                                        et al       
                                                       
                                                                                        
                                                                                              
                                                                                             
          Toxicara cati     Toxicara leonina                                T. leonina
    T. canis                                                                                
                                                                                         
                                                                                             
                                                                                          
                                   
                                                                 
                    
                                                                              
                                                                                               
                                
                                                                              
                                                                                        
                                                                                            
Ascaris                      et al                                                             
                                                                                               
                                                                                       C. 
elegans          et al                                                                     
         unc-29  unc-31     lev-1                                                      
                                                                                      
                                                                                          
                                    A. suum                                               
                                                                                          
                                                                                           
                                               et al       
                                                                                      
        et al                                                                              
                                                                                            
                                   A. suum                                              
                                                                                         
                                                                                       
                                                                 Xenopus                    
C. elegans                                                                                  
                                                                                      
                                    et al                                                
                                                                                     C. 
elegans                                            α     β        et al                       
                                  Xenopus                        α                     
                                                  α                                   
                                             avr-14  avr-15     glc-1                     
                                                      et al                              
                     ’                  C. elegans               et al                 et al 
      
                                                                                          
                                                                                              
                                                                                                     
                                                                                       
                                                                                            
                                                                                         
                                                                                          
                                                                                         
                                                                                      
                                                                                    et al
     .
                                                                                      
                                                           β         α     β                   
                                                                                            
                                                                                              
                                                                             et al        
                                                                                            
                           
                                                                           
                                                                                   
                                                                                             
                                                                                        
                                                                                           
                                                                                        
                                                                                          
C. elegans                                                                       et al        
                                                                                        
                   
                                       
                                                                                          
                                                                                            
                                                                                                 
                                                                                    
                                                                                               
                                                                                         
            ’                                                                         
                                                                                         
                                                                       C. elegans     
                                                     
                                                                                             
                 C. elegans          et al                                     α      
                 unc-38             α               lev-1     unc-29                        
                                                                  C. elegans                    
                                                                                                   
C. elegans                                                                            
                                                                                            
                                                                                         et 
al                                                                                H. contortus 
                                                              H. contortus                     
                  
   m                                                                       
                et al                                                                 
Oesophagostomum dentatun                                                             
                                                                                              
                                                                                                  
                                                                                         
                                                                                         
                                     H. contortus                                        
             C. elegans unc-38                                                    
          et al       
                                                                              β         
                              H. contortus                                               
                  β                                                                         
                                                        β                              et al 
                                                                                               
         C. elegans      et al        H. contortus β                     tub-1      
             C. elegans ben-1 u462     β                                            
                                 tub-1                                                       
                                                ben-1 u462                            tub-1
                                                                                    
                                                                                            
            H. contortus 
                                                                              C. elegans        
                                                                      α                      
                   avr-14  avr-15     glc-1       et al                                   
                                                                                                  
                                                                                            
                                                                                           
               C. elegans                                          unc-7     unc-9     
                                                                     osm-1  osm-5  dyf-11
    che-3        et al                            H. contortus                                  
                                                             et al                        
Trichostrongylus colubriformis                                                          
                                                                                        
                                                                                             
                                                                                                
                                                                         
                            
                                                                                      
                                                                                      
                      Mycelia sterilia                                                  
Camellia japonica         et al                                                           et al  
                                                                                            
                                                                                       
      
     
                                                                                   
                                     
                                                                                       
                                                                                         
                                                         et al.            Ascaridia galli    
                                                                                      
                                                                                        
                                                                                              
                                                                                                
                                                                                           
                                                                                          
        H. contortus                                                                   C. 
oncophora                                                                                   
H. contortus                                                                                
                    
                                                                                      
                                                                                              
                                                                                              
                                                                                      
                                                                                        
                                                                                              
                                                                                     et al
                                                                                     
                                                                                              
                                                        et al                                   
                                                                                                
                              et al                                                 
                                                                                   et al 
                                                                                      
                                                                                               
                                                                                          
                                                                                                
                                                                                              
                                                                                           
                                                                                           
                                                                             
               ’             C. elegans
          ’            C. elegans                                                         
                                                        et al                           et 
al                                                             C. elegans              
                                                                                        
                                                                           C. elegans 
                                                                                             
                                                 ’                                         
            et al                                                                             
                                                                                        
                                                                                            
                                          
                                                                                       
                                                                                     
                                                                                      
                                                                                    
                                                                                          
                                                                                           
                                  
                                                                                       
                                                                                        
                                                                                       
                                                                                        
        et al.            in vivo                                                       in vitro
              Ascaris suum                                                                
                                                                                             
                                                                                            
                                                                                        
                                                                                                  
                     in vivo                                                       
                                                                                                 
                                                           A. suum                   
                                                                                                   
                                                                                      
                                                                                                  
                                                                                              
        et al.                                                                            
                           
                                                                                      
                                           Angiostrongylus cantonesis                   
                                                    A. cantonesis                         
                                                                                      
                                                                                          
                                                                                        
                                                                                     
                                                                                      
                                                                                            
                                                                                et al 
                                                                                    
                                                                                          
                                                                                           
                                                                                         
                            
     et al                                                            A. suum                
                                                                                        
                                                                                
       
                 
                                                                  
                                                                                    
                                             A. suum                         et al          
        et al                                                                                
                       A. suum                                                           
                                                                                    
              μ                                                                          
                                     μ                                                
   μ                                                                                         
                                           et al.                                        
                                                                                            
                                                                                        
                                                                                   
                                           
                                                                                                
                                                                                          
                                                                             μ  
                                                                                   ’       
                                                                                            
                                                                                    
                                                             
                             
                                                                                      
   
                                                                 
                              
                                                                                    
           
                                                        
                                
 
        
                       α             α                                    Lactrodectus 
                                                                      et al               
              α                                                                          
                   et al                                                                      
                                                   α                                      
                                               et al                                    
                                                                          α   ’              
                       α                                                                
                                                              α                              
                                                                                            
Drosophila                                                                           et al
                                                                                  
                                                                                              
               α                                                                              
                                                                           et al        
           α                                                                                
                                                                           
         et al                                    α                                     
                                                                                         
                  α     α   
                                                          
                                                                              α           
                                                       α   
                       α    
    α   
                                                                                    
                                                               α   
                       
              α   
                   α                                                    
                                                                             et al        
                           α   
                                     
                       
                                                                                            
                α   
       
                            α                                
     
                                                                       
      α   
  
                                                  
                                           
α   
                            α                                                       
                                                                              
       et al                      H. contortus                                              
                                                           H. contortus       λ       
                                                                                      
                                                                                            
                                                                                   
                                                                                 
                                                                                       
                                                                                            
                                                                                         
   E. coli                                                                            
                                         C. elegans                                   
                                                      C. elegans  lat-1               lat-2
                                                                                   
                                                                                           
                                                                                           
                                                                                             
                                                                                          
                                                                                    
                                                                                        
                                                                                  
                                 C. elegans                                                   
                                                                                           
                                                                                              
                           et al                                                      
                                                                                               
                                                                                 C. elegans,
                                                                                         
                                                  
                                                                                     
α                                                                                    
                                                                                        
                                                                                        
                    et al       
   
    
             
                       
   
           
                     
             
                            
                                              et al                          α         
                              
                                                        
                                            
                                             
  
       
                                                                                          
                   C. elegans                                                               
                                et al                et al                                 
                                   ’                                                       
                                                                                        C. 
elegans                                                             lat-1           
                 lat-1              C. elegans                                              
                                    lat-1                                           
                                   lat-2                                                     
                                                                                               
et al                      
                          lat-1                                          lat-1         
                                                                                          
                                                                                       
                                                                                   ’       
                                              et al.                  et al                   
                                                                                                
             ’                                                                
                                                              α                           
                                                               C. elegans           et al
           C. elegans  α   egl-30                                                    
           C. elegans                    α   goa-1                                          
              goa-1                                                                      
                              α                        α          et al                    
                                                                            α       α     
                                         α                                                  
 α                β                                                                    
                                                                                     
                                                                                   et al        
                                                                              C. elegans 
         et al                       α                                 α                
                                                                                     
                                                             α    α      β               
          ’                                            et al       
                                                                                         
                               
                       α         egl-30 ad806                                           
                              egl-30 tg26                                                  
                         α                               goa-1 n1134                   
                                                                             et al        
    β                               egl-8 md1971      egl-8 n488                        
                       ’                                                       unc-13 
                               s69     e1091                                            
                                                                                       α    α  
        α  
     
   
         α  
          β 
       
      
                          
              β                                                                          
                                                                                             
                                                        et al.                      et al.  
                                                                        
                                                                                         
                                                   et al                                  
                                                                                           
                                                                                     
                                                                                                
                                                                                            
                                                                                        
                                                                                            
         et al       
                                                                                  
                        C. elegans                                                      α  
  α              β                                                                    
                                         et al       
                                                                               
                                                                                         C. 
elegans                                                                                  
            
                                                                                          
                                                                                         
                                                                                                
                                                                                    
                              lat-1     lat-2   
                
                                                  C. elegans                        
                                                                                             
    slo-1                                                                                   
         
                                                                                        
                                                                                           
                                           α                                              
              α                                                                     
                                                            Drosophila melanogaster slo     
               D. melanogaster slo                                                      
                                                                                                
                                                                                               
                                                                                         
                   et al            D. melanogaster                                 
                                                 et al                                    
                                                                                      
                                                                                      
                                                                                  et al 
                                                                                         
                                                                                       
           D. melanogaster                                                              
                                          
                                                                                        
                                                                                    
                                                                                     
        α                                               
                        α                              α                                 
                                                                                        
                                                                                           
α                                    et al            et al       
                                                                                    
                                                                                     
                                                                                      
                                                     et al                          
                                                                                            
        KCNMA1                                                                            
                                                                                             
                                                                                            
                                                                                             
                                         et al                                                  
                                                                                      
                                                                                              
                                                             et al                           
                                                                                  
                                                                                        
                                                     ’                                       
                                                                                            
                                                  Streptomyces lividans        et al      
                                 et al                           α                     
                                                                                        
                                                                                          
                                                                                               
                                                                                          
                                                                                     
                    
   
    
      
 
   
                                                                                                 
                                                                                               
                                                                                             
                                                                                                
                 et al       
                                                                                     
                                                                                       
                                                                                        
                                                                                      
                                                                                                
                                                                                             
                                                                                             
                                                                                        
                                                                 et al                 
                                                                                    
                                                                                           
                                                                                         
                                                                                         
                                                                                        
                                                                                              
                
                                                                                        
                                                           Xenopus                       
                                                                                     
                 et al                                                                  
                                                                                        
                                                                                             
                                                                Methanobacterium 
thermoautotrophicum                                                               
                                                                                               
                                                                                            
                                                                                                  
                                              et al                                           
                                                   
                                                                                α 
                                                                                         
                                                                                       
                        et al       
 
 
      
              
      
   
       
       
           
  
     
    
     C. elegans            
slo-1:                               slo-1                                                   
              et al        slo-1                                                             
                                        unc-64 e246                                         
    unc-64 e246                                                                          
                                        et al        unc-64                                    
                                                                                                
                                                                                                
                                                                                        
                                                                                                 
                                                        slo-1                                    
                       unc-64 e246              slo-1                               
                                                    slo-1 js379                                  
              unc-64 e246                                                    unc-64 e246  
                                                          slo-1 js379    
                                                                        unc-64             
     et al                                            slo-1            gfp                     
                                                                                             
                                                                                       
                                                slo-1       unc-64 e246   slo-1 js379         
                                                               slo-1              unc-   
                                             slo-1                                       
                                                                                             
                                                                                             
               slo-1     unc-64                                                             
                                                                                         
                      unc-64 e246   slo-1 js379                                             
                                                            unc-64 e246                 
                                                                                           
                                                                                              
                                                                                         
                                                                 
                             
                                                                                            
                           
                                                                 
                                                       
                                
        
                                                                                        
C. elegans                    et al                                                        
                                           et al                et al                 
                                               slo-1                                  
                                                           ’                                
               et al.                                    slo-1                              
                                                                                             
                                                                                       
                      slo-1 js118                                        slo-1 js118         
                                                                                                   
                                                                                     
                               In vivo                                                     
           C. elegans                                                                
                                                                       N2                      
                                                                                            
                      slo-1                                                                  
                                                                                           
                                                                                           
                                                             C. elegans         et al.        
                                                                                         C. 
elegans                                                                  
                  
                    
                                                                       
  
                                                                                            
                                                       
                                         
                                                          
                             
                                                                                          
                                                                         slo-1 js379             
                                                     N2                                       
                                                                                        
                            slo-1 js379          slo-1                                            
                                                                  slo-1                    
                              slo-1                              
                                                                                      
                                                                                                  
                                                                                       
             et al       
                                                                                            
slo-1 js380                                                                                        
et al                               slo-1 js380                                                
                                                                                  et al         
                                                           
                                                                                              
                    C. elegans                                                 et al        
                                                                       slo-1                
                                                               hlh-1                        
hlh-1                                                                                   et al
                                                                     slo-1                
                                     
slo-2:                   C. elegans                                              slo-2  
                                                                                    et al 
                                                                                         
                                                                                       
                                                                                            
                                                                                          
                                                                                         
                                                                                      
                                                                                        
                                                                                               
                                                                      et al       Yuan       
                                                                                        
                                                                                        
                                               C. elegans            et al             
                                            C. elegans                                 
                                                           et al                   
                                                                                   
                                               et al                                
              C. elegans                                 et al                         
                                                                       Xenopus          
                                                                                             
                                                                                      
                                                                                              
                            et al             et al                                           
                                                                         et al        
                                                                      et al            
                                                                                             
            C. elegans             et al                                           C. 
elegans                                                                                 
                                               
                                                                                               
                                                        slo-2                          
                                                                                               
                                                                                            
                                                                                               
                                               et al        
                                                                                        
                                       slo-2:gfp                        et al             
                                            slo-1                                     slo-1     
slo-2                                                                                   
                                                                 slo-2                     
Xenopus                           N2 slo-2         slo-2                                    
                                                     N2 slo-2                         N2
slo-1         slo-2                                                                       
              N2 slo-1                                            slo-2           slo-1
                                                            
                  in vivo                                et al                            
                                                                                            
                                                                                        
                                                 shl-1     shk-1                        
                                                                                            
                                                                              
                                                                                          
                                                                                   
                                                    et al                                      
                                                                                     
                                  
                                                 
                                                                                           slo-1
           C. elegans                                                                          
      et al                                                                             et al 
                                                                                        
                                                                               
           et al                                                                          
                                                                                      D. 
melanogaster                                                                              
           
                                                                             
                                                                                          
                                                    
                         slo-1             
                                                                                          
                                                                              
           
                                                                                             
et al                                                                              slo-1
                                                                                              
                                                                                             
                                                                                 
  
                                                                                            
                                                                                             
                                                                    eag                      
   shaker                                                                               
     shaker                                                                                
                                             et al       
   et al                                                                                 
                                                                                              
                                                                                              
                                                                                               
                        et al                                                              
                                                                                   
                                                                                               
                                   –                                                         
                                                                                          
                                                                                                  
                                                                                                  
                                                                                             
                                                                                              
                                                                                         
                                                                                           
                                           et al                                             
                                                                                    
                                                                                        
                                                                                            
                                                                                              
                                                                                               
                  
                                                                                     
                                                                                              
                                                                                     
                                                       et al               
                                                                                            
                                                            slo-1                           
                                                 et al             et al                        
        C. elegans                                                        et al                   
                                                                                               
                                             et al                                     
                                                                                               
C. elegans.                                                  C. elegans                   
                                                               et al       
       
Glutamate
                                      
          
Glutamate
                                         
                               
                 
                                                                                              
                                                                    ’                        C. 
elegans                                                                               
                                                        lat-1     lat-2                       
                                                                                            
                                    ’                                                     
                                                                                                
                                                                                            
                                                                          lat-1     lat-2  
                                                                                          
                                     lat-1     lat-2                                             
                                ’                           lat-2  lat-1                
                                                                  
                                                                                           
                                                  C. elegans                                 
                                                                                     
                                   
                                          ’                                                  
                              slo-1      slo-1                                                
                                               slo-1                                        
                                        slo-1      slo-1                                       
                                                                                          
                                                                                              
                                           
                                                                                             
                                                                                   
                                                                      C. elegans            
slo-1                          kcnma1                        
         
         
                                  
C. elegans                                                                           
                                                                                     
                                                                                          
                                                                                       
                                                                                          
                                   μ             E. coli                                    
                                                                                          
                           
     C. elegans                      
                    C. elegans    E. coli       E. coli                                 
                                                                                            
                                            
                                           
                                                      
                                     
                               
                                                                                         
            
                                                                              
                                                                                    
                                                                                        
                                                                                             
                                                                                         
                                                                                          
                                                                                         
                                                                    
                              
                C. elegans                                             et al            
                                                                                               
“                                  ”                                                
                                                                                        
         
   
                                  
                                                                                          
                                                                                        
                                                                                         
    
                                                
                     μ          
           ≥            ≥                  μ 
                                     μ 
                                                            
                                 
                                                         
                                                                                        
                                                         
                                                                               
                                                                                       
                                         
                                                                                            
                                                                                            
                                                                                           
                                                                                      
                                                                                            
                                                                                             
                                   et al                                                 
                                                                                          
       
                          
                                                                                              
                            ’                                                     
                                                                                          
                                                                                        
                                                                                        
                                                                                      
                                                                                   
                                                                μ                      
                                                                                           
0 20 40 60 80 100 120
0.0
0.2
0.4
0.6
0.8
1.0
1.2
[ethanol] mM
A
b
s
o
r
b
a
n
c
e  
                                                                                            
                                                                                         
                                                                                          
                                   
     
                                                                                          
                                                                                          
μ                                        μ                                    
                 μ                                        μ                      
                                                                                             
                 
                                                                                        
      μ                                                                                  
                                                                                               
                                                                                            
                                                                                           
                                                                                               
                                                                                             
                                                                                           
                                                                                         
                                                                                            
                                                                                     
                                                                    
0
0,05
0,1
0,15
0,2
0,25
0,3
0,35
0,4
260 280 300 320
Wavelength (nm)
A
b
s
o
r
b
a
n
c
e
0
0,05
0,1
0,15
0,2
0,25
0,3
0,35
0,4
260 280 300 320
Wavelength (nm)
A
b
s
o
r
b
a
n
c
e
                                
                                                                                          
                                                          ’                                 
                                                                     
                                   
                                                                                           
                                                                                            
                                                                                                
                                                                                            
                                                                                         
                                                                                                
                       
                                                                                   
                                                                                     
                                                                                              
                                                                                           
                                                                                         
                                                                                                
                                                                                        
                                                                                     
            E. coli      
                                                                                            
                                                                                           
                                                                                              
                                                                                               
                          N2                                                          
                                                                                          
                                                 
     
0
5
10
15
20
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
0
5
10
15
20
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
                                                                        N2              
                                                                                           
                               N2                                                    
                                                                          ≥          
                                      
                                                                                         
                                                                                       
                                                              et al             et al
                                                                                             
                                                                                         
                                                                                             
                              E. coli                                                          
                                                                                             
                                                                  
                                      
                                                                                             
                                                                                            
                                                                                     
                                                                                                
                                 et al       
                                                                                      
                                                                                    
                                                      
                                                                                              
                                                                                          
                                                                                            
                                                                                          
                                                                                      
                                           
                                                                                           
                                                                                            
                                                                                         
                                                                                      
       
        
      
        
                                                                                       
                     
                                        
                                                      et al                                    
                                                                                        
                 et al               et al               et al                          
                                                                                       
                                                                                        
                                                                                           
                                     μ                                          μ  
                                                                                 
                                                                                        
                                          
     C. elegans                       
                                                                                       
                                                                                        
                                                                                      
                                                               
                               
                                                                                       
                                                                     μ                
                         μ                                                                  
                                                 
                                            
                                                                           
                      
                                                            μ                      
                                                                                          
                                                    μ                                        
     μ                                                                             
                                                                                     
                                                              
                                                                           
                                 
     C. elegans               
                                                                                    
                                                                                      
                                 
                                                          
                                                                                         
                                                                                     
                                                      
                                         
                                                       
                                                                                          
                                                           
                                     
                                                 μ                                           
                                                                                        
    
                                                                μ                            
                                                                                 
             
                                                                  μ                     
                                                                                            
                                                                             μ           
                                                                                            
                   μ                      
                                                                                    
                                   
                        
                              
                                                                                             
                                                                                       
                                                                                      
                                                                                           
                                           slo-1                                     
                      slo-1                                                               
                               
              –                                                                     
                                                                                          
                                                                                            
                                                                                        
                                                                                           
          
                          
                  
           
                                                                                     
                                                                                              
                
            –                                                                     
                                                                                           
                                              
                                       
                                   
                                                   
                                                                       
                     μ    
                    μ          
                 μ 
      μ  
                                        μ         μ 
                     μ 
                μ     μ 
                     μ     μ 
                    
               –                                                                 
                                                                                         
                                                                                        
                                                                                      
         
                                 
                                                                                        
                                                                                       
                                                                          
                                                                                      
                                                                                      
                                         slo-1           slo-1 js379      
                                                                                        
                                                                                   
                       
                                
                        
                
            
          
          
   
  
        
  
   
  
          
          
             
       
                    
                  
                                                      
                                                     
                                   
                    μ          
                     μ 
       μ  
                                        μ 
                μ    μ 
                     μ    μ 
                μ 
                             
                  
                 
                        
                
            
         
          
   
  
   
  
   
  
          
          
           
    
                    
                  
                     
                                                                                   
                                                                                            
                                                                                              
                        
                                                                                          
                                                                                       
                                                                                          
                                                                                           
                                                                                          μ  
                                                                                     
                                            
                                                                                 
                                                       
                                 
                                             μ                              
                                                 
                         α                                                       μ  
                                        α                                               
              α                                                                            
  
                                                                         μ         
                                                      
                                
                      μ          μ       α                                                
                                     μ                         μ                             
                  
   
                                 
                                            α                                              
                                                                         
                                                   C. elegans                            
                                                                                         
                                                                                       
                                                                                              
                                                                                     
                                                                                
                         μ   
                                                                                      
                                                                                        
                                                                                             
                                                                                               
                                                                                      
                                                                                       
μ                                                                    
                            C. elegans                                                 
                                                                                           
                                                     
                                        
                                                                                             
                                                                                               
                                                                                           
                              
                              
                                                                                               
                                                        N2                            
                                                                       slo-1           
                                                                                        
                                                                                                
                                                                                
         
                                                                                        
   
                                                                                  
                    μ          
              μ     μ 
                             μ 
       μ  μ                  μ 
                  μ 
         μ 
                                                       
                                                                                  
                                                 
                                                                            
                                                                            
                                                                          
                                                                             
                             
                                      
                                                        slo-1                   
                                                                               
                                                                                            
                             ’                                                          
   
                                                     
                  
                    μ          
                           μ 
       μ                          
        μ 
                μ     μ             
                                                     
                                                                 
                  
                                                                  slo-1               
slo-1                                                                         slo-  
                                                                                      
                                                                          
   
                    μ          
                  μ       μ          
slo-1                     μ     μ           
                μ 
                                     μ 
        μ 
                                           
                                                                          
                          
                         α                                                               
                       
               
                                                                                  
                           “          ”                                              
               
     C. elegans                     
                                                                                             
            
                                                                                          
                                                                                              
                                                                                    
gene allele                                                                                  
                                                                                              
                       I  II  III  IV  V  X                                                       
                                                                                           
      
                                                                                            
                               Ex                                                        
                                                                             Is                
     Ex     Is                                                                             
                                                                                             C. 
elegans                                               C. elegans                            
                                          
                                
N2                                                                                    
                                                                                       
                                         
                                                 
                                                                                            
                                                                                      
                                                                                          
                          
                       N2                                                                  
                                                                                                
                                                                                            
                                                                                      
                                                                                         
                                                                                           
                                                                                     
                                                                                               
                                                                                          
                                                                                         
                                                                                           
                             
                                                                                          
                                                                                      
                                                                                     
    
                                                                                             
                                                                                       
                                                                                          
                                                                   μ                   
                                                                                       
                                                                                          
                                                                                      
                                                                     μ                      
                          μ                                                         
                                                                                        
                                                         N2                         N2
                                                                                     
        
                 
                                                                                          
                                                                                        
                                                                    N2            
                                                              N2                         
                                                                                      
                                                                                         
                                                                                          
                                                                                                
                                                                              
         
                                                                                          
             N2                                                                                
                                                                                               
                                                                                        
                                                                                      
                                                                                         
                                                                                               
     
                               
     
                                                                
                                                                                          
                              “ ”                                               N2  
                                                                                
     lat-2 lat-1              
                            lat-1 ok1465                         lat-2 tm463                
         lat-2 lat-1                 lat-1 ok1465                                              
          lat-1 ok1465                                                                 
                                                                                 lin-31    
rol-1                                                     lat-1     lat-2                     
                                  dpy-10        dpy-10 e128                   gfp         
                                                          
                                                                                          
                   lin-31    rol-1                                                            
                  lat-1     lat-2                                                        
                                 lat-1 ok1465                               dpy-
10 e128                                                                                 
          
  
  
       
lat-1
        
lat-2
lin-31
        
rol-1
       
dpy-10 e128         
                                                       lat-2  lat-1                       
      
        
  lat-1                          lat-2        lat-2                          
           gfp           
  lat-1      lat-2          
        
  lat-1      lat-2                    lat-1             
                  gfp                 
lat-2 lat-1                          lat-1             
      lat-2                                      
                             lat-2 lat-1                                                    
                                                                                       
                                                    lat-2 tm463      lat-1 ok1465           
                                           
         gfp                                                                              
                        lat-2 tm463   lat-1 ok1465                                     
                                     lat-2     lat-1                                         
                                            lat-2  lat-1                                 
                     
                                                                                     
                                                                                          
              N2 C. elegans                                                                 
                                                                                               
                                 N2                                                       
                                                              et al                   
                                                                                    
                                                                               
                                                                                             
                                                 dpy-20 e1282                             
dpy-20 e1282                                                                               
                                                dpy-20 e1282                  
        
dpy-20      dpy-20                                           
                
dpy-20                 
        
dpy-20                             dpy-20                         
                  
dpy-20          dpy-20             dpy-20          dpy-20      
    dpy-20         dpy-20      
                             dpy-                                                    
       dpy-20          dpy-20                                                          
                                                                                     
                             μ                                                            
     
             dpy-20          dpy-20                                                   
                                                                                       
                                       
               dpy-20          dpy-20                                                  
                                                                                         
                                                           dpy-20                            
                              
        
dpy-20          dpy-20                            
                
dpy-20                
        
dpy-20                               dpy-20                          
                           
dpy-20          dpy-20                 dpy-20                   
                            
                                                                                 
                                                                                              
μ                                                                                       
                                           
                                                                                    μ  
                                                                                         
                                                                                        
                                                                                          
                                                                                            
                                                                 μ                            
                                                  N2                                    
                                                                                        
                                                                                            
                                                                                               
                                    
                          
                                                                                       
                                                                                                
                                                        slo-1 js379                             
                                             
dpy-20          dpy-20                       slo-1     slo-1  
                
dpy-20          slo-1  
                                                            slo-1 js379              
                                                              μ                         
            
slo-1 js379                                  dpy-20          slo-1                           
                                                              slo-1 js379                       
             slo-1                                                                            
                                      μ                                                   
            
                     
                                                                                        
                                                                                      
                              gfp            myo-2                                 
                                             
                                C. elegans                                                 
                                                                                          
                                           et al      
                                                                                           
                                                                                          
                                 μ                                            μ                
                                                                                           
                                                                                            
                                                                                           
                                                                              
                                                                                         
                                             
                                                                                           
μ                                                                                          
                           
                                                                  
                                                                                          
                                                             μ                             
                                                                                   
          gfp                                                 
                 
                                    et al                          
                    
 
                                                             ’                        
                                                                              
                                                       μ                                   
               
                                                                                          
                                                                                          
                                                                                             
                                             
                                        
                                                                                                 
                                                                                
                                                                                          
                                                         
                            
                                                                                         
                                                                                  
                                                                                        
                                                                                          
                                                                                      
                           
                        
                                                                                         
                                                                          μ             
                μ                                          μ                        
                                 μ                                                        
                                                                                    
            
                                                                                         
                                                                                
           
                                                                             
                                        
                                    gfp             C. elegans slo-1                       
                           gfp                                                 
                                                                                  
                                                                                            
                                      
                         
                                                                                
                                                                                               
                                                                                           
                                                                                           
                                                                                    
                                                             μ                            
                                                                                          
                                                                                             
                                                                                       
        Ω                                                                                    
                                                                                  Ω 
                                                                               
                                          
                                                                          
          μ                          
                       –                                                            
                                                                                     
                                                                                         
                                        
               –                                                                         
                                                                                             
                   Ω                                                               
                                                                                  
           –                                                                                  
                                                                                                
                                                                                         
                                                              
                      –                                                                    
                                                                                                  
                                                                                            
                                                                                              
                                                                                              
                                                                                            
           
             –                                                                         
                                                                                          
                                                                                           
         
                                     
          ’                  
                
                                                                                              
                      et al              et al                                             
                            H. contortus                                 C. elegans  
                                                    et al                                      
                                                                                             
                                                                                             
                                                                                   
          ’                                                                             
                                                                                           
                                     ’                                            
                            ’                                                       
                                                                                                 
                                                                                            
                               et al                                                          
                                                                                           
                                                       ’                                   
                    
                                              lat-1     lat-2                                    
                                                                                                
                                                                                            
                                                                                              
                    lat-2 lat-1                                                             
                   lat-1     lat-2                                     
                                                                
                         lat-1 ok1465                            mIn1      mIn1          
                                    dpy-10 e128      gfp                         lat-
1 ok1465                                                       lat-1 ok1465             
                    lat-1 ok1465                                                           
lat-1 ok1465                                                                       gfp     
                             lat-1 ok1465                                       gfp      
                                                                                     
                                                                                         
                                                                      N2     lat-1 ok1465  
                                                                                             
                                                                                       
                      
                         N2                                                                   
                                                                                         lat-
1 ok1465                                                                                
              lat-1 ok1465                                                                 
                                           lat-1 ok1465          P                          
     lat-1 ok1465      P                                       N2                    
                     ’               
   
   
                               lat-1 ok1465                                          lat-
1 ok1465    ■      N2  □                                                              
                                                                                            
    lat-1 ok1465   ■             N2  □                             N2     lat-1 ok1465  
                                                     ’                           P          
              P       
              lat-1 ok1465                                                            
                                                                                               
                                                                                             
                                         N2                                                 
      
6
94
0.8
98.4
0.4 0.4
0
20
40
60
80
100
eggs L1 L2 L3 L4 Adult
Stage
%
o
f
w
o
r
m
s
  
       
6
94
0.8
98.4
0.4 0.4
0
20
40
60
80
100
eggs L1 L2 L3 L4 Adult
Stage
%
o
f
w
o
r
m
s
   
  
     
  
  
                                   lat-1 ok1465              lat-1 ok1465           
                                                                                          
                                                                                           
                              
                                               lat-1 ok1465                              
                                         myo-2::                                       
                                                                                 
     
       
    lat-1 ok1465                             
                         lat-1 ok1465                                                      
                                                                                          
                     lat-1                                 lat-1 ok1465                
                                                                               gfp      
               lat-1 ok1465                                                               
lat-1 ok1465                                                                        
                                                     lat-1                                   
                            gfp                                       lat-1 ok1465   
                                  lat-1          ok1465                               
                                                                          
  
     
  
                                                        lat-1            
                                                                               ok1465       
                                                                                           
                                             N2     lat-1 ok1465    lat-1                  
                             N2                             lat-1 ok1465    lat-1          
                                                         N2     lat-1 ok1465    lat-
1 ok1465                                                        N2                            
lat-1 ok1465    lat-1 ok1465                              lat-1 ok1465                     
                                                                                     
        
       
        
ok1465//+                N2
        
        
        
       
       
      
   
               
ok1465
        
       
-ve    N2   ok1465  
                         lat-1                       ok1465                                       
                                                                                               
                                                                               
                                                                                                  
                                                                                      ok1465
                                                                                                 
                                                            ok1465                      
             
MRRNKTTYSLLQTILVACLLTVTPTFASNKPTTDESGTISHTICDGEAAE
LSCPAGKVISIVLGNYGRFSVAVCLPDNDIVPSNINCQNHKTKSILEKKC
NGDSMCYFTVDKKTFTEDPCPNTPKYLEVKYNCVVPATTTTTTTTTSTTT
TDSSLIVDEEEEAQKDALNSDVIKPVKKKEDVFCSATNRRGVNWQNTKSG
TTSSAPCPEGSSGKQLWACTEEGQWLTEFPNSAGCESNWISSRNSVLSGV
ISSEDVSGLPEFLRNLGSETRRPMVGGDLPKVLHLLEKTVNVIAEESWAY
QHLPLSNKGAVEVMNYMLRNQEIWGSWDVTKRKEFASRFILAAEKAMVAS
AKGMMTSAESNVIVQPAITVEISHKIKMSSQPTDYILFPSAALWNGQNVD
NVNIPRDAILKINKDETQVFFSSFDNLGAQMTPSDVTVAIAGTDQTEVRK
RRVVSRIVGASLIENGKERRVENLTQPVRITFYHKESSVRHLSNPTCVWW
NHHELKWKPSGCKLSYHNKTMTSCDCTHLTHFAVLMDVRGHDLNEIDQTL
LTLLTYVGCIISIICLLLTFFAYLIFSRNGGDRVFIHENLCLSLAIAEIT
FLAGITRTEDSLQCGIIAVALMYMFLSALTWMLLEGYHIHRMLTEVFPSD
PRRFTYLLVGYIPPAIITLVAYLYNSDGFGTPDHCWLSTQNNFIWFFAGP
ACFIFCANSLVLVKTLCTVYQHTSGGYLPCRHDVDSGRSIRNWVKGSLAL
ASLLGVTWIFGLFWVEDSRSIVMAYVFTISNSLQGLFIFLFHVVFAEKMR
KDVGHWMYRRGCGGSSNSSPNHKRHNVQRDLMSPGVNSSTGSDFLYNTND
KYLTNSDTTNRLVYNGIMNHPNQMSVYQQHPHHQIYEQQPGTYDYATIAY
GDMMPGHRVAAPPAYQRLAVAEGRYGSQHQLYQGWHHRPPPEFSPPPPPL
STGPPNSRHYGTGSSGRRPPSSKMSDDSAYSDGSSSMLTTEVTPQGQTVL
RIDLNKPSMYCQDL
                                                               lat-1                   
                                                        lat-1 ok1465                         
                                                                                        
                                                                                         
                           
                                                                                    et al 
          lat-1 ok1465                                                                        
                                                   ’                                      
                                                                                              
                                                                                            
                                                                                          
                     
                      lat-1 ok1465                                                     
                                                                                           
                                                                                                
                                                         lat-1 ok1465  
CTTCTTCGTCGATACGTTTCTGTTCGATGACGCGTGTCCAATGATGAGCAAA
                
AAACAAAAAATTTTTGGTCGAAATTTGGACCAAAAACCAAAAAATCGAAATTTTCCTTAAAAA
             lat-1 ok1465                                                              
                    lat-1 ok1465                          lat-1                        
               lat-1                                                                           
    
                    
          
         
            
            
    lat-1 ok1465                                 ’                       
                   lat-1 ok1465               ’                                            
                                                                                       
                                      N2     lat-1 ok1465                                
          μ         μ                                                                     
    N2     lat-1 ok1465   N2                                                             
                lat-1 ok1465                                                         
             lat-1 ok1465                                                            
lat-1 ok1465   ●      N2  ▲                   ≥                             
                                        et al                        lat-1 ok1465            
                                       N2                                                         
          ’                  lat-2                   
-11 -10 -9 -8 -7 -6 -5 -4
0
10
20
30
ok1465
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
 
                    
    lat-2                 
                 lat-2                                               lat-2 ok301      
                    lat-2 tm463                                                       
                                                                                        
             lat-2 ok301                                                            lat-2    
                             lat-2 ok301                                lat-2 tm463    
                                                         lat-2                             
    lat-2 tm463                                                                           
                                                                          lat-1 ok301     
                                                  N2                                    
                                               lat-1 ok301                                 
    lat-1 tm463                                                       N2                
                                                                 lat-1 tm463               
                                                     lat-2      ok301     tm463           
                                                                 
    lat-2                                                                          lat-
1 tm463                                                                                          
                                                                                              
                                  lat-2 tm463                                            
                                                                                             
                                                                                          
                                                                                   lat-2 ok301  
                ’                         lat-2                                                
lat-2                           tm463                                  
                lat-2 tm463                                                                    
                                                      et al                              
                                                                                   
                                                                                
  
     
     
  
       
               
        
        
ok301       N2
         
       
tm463         N2
       
        
        
N2        tm463
N2            ok301
        
                
       
      
                   
ok301 tm463  
  
                                   lat-2 ok301      lat-2 tm453      lat-2            
                                                                  tm463               
                                                                            ok301               
     ’                                                     N2     lat-2 tm463        
                                     N2                             lat-2 tm463                
                                       N2     lat-2 tm463                           
                             N2                            lat-2 tm463                      
                               N2     lat-2 ok301                                   
          N2                             lat-2 ok301                                     
                 N2     lat-2 ok301                                                        
N2                             lat-2 ok301                             lat-2 tm463        
                                                                                     
                         lat-2 ok301                                                 
                                                                 
       
       
   
               
ok301  
MAKQLKYPFLIFIISLAQCQVSNQNVNLCQSNICQNGGTCLVASSVPATA
TCPKNSIYYMGSCYVFDTTLRNWNDAALYCNNMNSATLPLVESAEDQAFF
AGYLQAMIPSNPPADMRPPPDGIWTAVRGVNNVTRASWVYYPGSFLVTDT
FWAPQEPNIYVNYNDVCVALQSDSFYREWTTALCTILKYTVCKVAPTQIQ
AKYVAQCSCPNGYGGQTCETQSTTNQQASTQRTCGSNDFQFSCPNDQTIT
VDFASFGAQESSMCNQASQSREQTCSNVNSLQTVINACQGLQSCEIRNLT
STFSNTPCPVPQEQYLETRMRCETAQQPSCLSGLIQFDSRCYSMTIETNE
KKQRTMEDAQTYCSQSGGSIITSPPDALLQQIVQKVNAETKKTVNFWIGT
PNNCQLLMVTGSSTSYSQCPSSPSSTANVICSTVPQSTASVSARPTQSAP
VDPVSQTMARREVYTGVQPPSVPDSINKPRYCKKEKKDGITYEQTRACML
HEQPCPDPQNVEGTVTRYCNCQTAKWETPDTTNCTHRWVAEMETAIKDNQ
PVEDISSTVNRQLKSTIERTLFGGDITGTVRLSNDMLSLARNQFSVLNDR
NLRENKARNFTENLGGSGDQLLSPVAATVWDQLSSTIRIQHASKLMSVLE
QSVLLLGDYMTDQKLNLQYINWAMEVERSEPEVQTFGAAASPNVQDDMGM
MRVMAAAPPAPQPETNTTIMFPSLKLSPTITLPSASLLSSLASPTPVAGG
GPSILSSFQDDTPVGMASTPNLNRNPVKLGYYAFAGFGQLLNNNNDHTLI
NSQVIGASIQNATQSVTLPVDHPVTFTFQHLTTKGVSNPRCVYWDLMESK
WSTLGCTLIATSSNSSQCSCTHLTSFAILMDISGQVGRLSGGLASALDVV
STIGCAISIVCLALSVCVFTFFRNLQNVRNSIHRNLCLCLLIAELVFVIG
MDRTGNRTGCGVVAILLHYFFLSSFCWMLLEGYQLYMMLIQVFEPNRTRI
FLYYLFCYGTPAVVVAISAGIKWEDYGTDSYCWIDTSTPTIWAFVAPIIV
IIAANIIFLLIALKVVLSVQSRDRTKWGRIIGWLKGSATLLCLLGITWIF
GFLTAVKGGTGTAFAWIFTILNCTQGIFIFVLHVVLNEKVRASIVRWLRT
GICCLPETSSAAYNSRSFLSSRQRILNMIKVNGHSYPSTASTDDKEKQLT
PITKTTDWLSRLPNQDSVSIPESNFNNLNGTLENSNLNSAEIKEEDEIPE
LRRRVTVDLNPMIVSNNEIERMSHASSDPRGSQIIEVTAVEKKAPVKRIK
FPLGAKQSERGSQHRTKAKVIAPPESPVSESGSKDYRF
                                                               lat-2                   
                                                        lat-2 tm463                           
                                                                                           
                                                                                    
                                                                       
                                    lat-2    lat-2 tm463                                   
                                                                                           
                                                                                                 
                                                lat-2 tm463    
ACCGTTTTTCGACAGAAAGAT ACAAATTGCACCAGTTACCTAAATTTTTAATATTTTAGACGT
                
CTGCG
TGTGCAAGTTGGATGGAGCTCGGAGCCGGGTTAAGAAAAAATATTTTTAATTTAAAAAAAGCGA
             lat-2 tm463                                                             
                    lat-2 tm463                          lat-2                        
               lat-2                                                                        
         
         lat-2 ok301                                                                   
                                     lat-2 ok301                                             
                      lat-2 ok301      lat-2 tm463                                       
                                                                                          
                                            lat-2 ok301      lat-2 tm463                  
                                            
              
       
               
                 
         
                              lat-2 ok301      lat-2 tm463 
                   lat-2 ok301      lat-2 tm463               ’                           
                                                                                       
                                                       N2  lat-2 ok301      lat-2 tm463     
                                     μ         μ                                          
                               N2  lat-2 ok301      lat-2 tm463   N2                    
                                                            lat-2 ok301                  
                                              lat-2 tm463                       
                                  
             lat-2                                                       lat-2 tm463      
lat-2 ok301   ■      N2  ▲                                                                 
    
                 
        lat-2 ok301      lat-2 tm463                                                  
                                                                          lat-1     lat-2   
                              
-10 -9 -8 -7 -6 -5 -4
0
10
20
30
log [emodepside]
B
o
d
y
b
e
n
d
s
/
m
i
n
u
t
e
M  
    lat-2 lat-1              
                                                                 lat-2 lat-1                    
                                                                                       
                      lat-1     lat-2                                                   
                             lat-1     lat-2                                               
                                                       lat-1 ok1465      lat-2 tm463          
                                                                      lat-2 lat-1             
                                                                     lat-2 lat-1        
                                                     
                                                                                         lat-  
    lat-2                                                   gfp                         
                             lat-1 ok1465      lat-2 tm463                           
                                                                                      
                                           lat-1 ok14165      lat-2 tm463     
  
           lat-1                     lat-2        lat-2                          lat-1       lat-2     
            lat-1      lat-2               lat-1                                lat-2 lat-1             
  
             lat-2 lat-1                                                                  lat-
2 lat-1                                                                                  
                                  lat-1 ok1465      lat-2 tm463                             
                                                                                        
lat-1     lat-2                                                                            
                               lat-1 ok1465      lat-2 tm463  
                                                             lat-2 lat-1                        
                                               lat-1 ok1465                            
                      lat-2 lat-1                                                 gfp      
                                                                                          
                                     lat-1     lat-2                           gfp         
                                                    ok1465     tm463                         
                                                                                           
lat-1 ok1465      lat-2 tm463                                                            
lat-1
lat-2  
                            lat-2 tm463  lat-1 ok1465                   N2        lat-1 
                                        lat-2 tm463  lat-1 ok1465                            
    lat-1                                             lat-2 tm463  lat-1 ok1465         
          N2                                 lat-2 tm463  lat-1 ok1465                  
               lat-2 tm463                                                       
           
                             lat-2 lat-1                                              
lat-2 tm463 lat-1 ok1465                                                     lat-2 tm463      
lat-1 ok1465                                                         lat-2 tm463           
lat-2 tm463      N2                                                                 
                                    lat-1 ok1465           lat-1 ok1465      N2             
                                                                                           
                                                          
       →
l2l1 N2           l2l1 N2          
lat-2                   lat-1        
        →
←        
←         
                              lat-2 tm463  lat-1 ok1465 
                   lat-2 tm463  lat-1 ok1465               ’                           
                                                                                       
                                                       N2     lat-2 tm463  lat-1 ok1465    
                                     μ         μ                                          
                               N2     lat-2 tm463  lat-1 ok1465   N2                       
                                                   lat-2 tm463  lat-1 ok1465             
                                          
             lat-2  tm463  lat-1 ok1465                                          
              lat-2 tm463 lat-1 ok1465   ●      N2  ▲                                  
                
-11 -10 -9 -8 -7 -6 -5 -4
0
10
20
30
log [emodepside] M
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
0  
              
       et al                                                                        
                        Haemonchus contortus                                         
                                        α                                              
                                                        et al                      
                                                                                       
                                                                                         
                  et al                                              C. elegans            
                                                                                             
                  lat-1     lat-2    C. elegans                                       
                lat-2 ok301                                                     
                                                                                      
                                               lat-1 ok1465      lat-2 tm463               
                                                                                                 
                                                                                              
                                                                                          
lat-1     lat-2                                
                                                           lat-1     lat-2               
                                                                                                
                                                                                           
                                                      lat-2 tm463      lat-2 ok301             
                                                     lat-2 tm463                      
                                 lat-2 tm463                                                  
                N2                        lat-2 tm463                                  N2    
            lat-2 ok301                                  N2                                 
          
                                                                                          
                                                                                          
                                                                                         
                                                                                        
                                                                                        
                                                                                        
                                                                                               
                                                           
lat-2 ok301                                                                  ’            
                                                                            lat-2 ok301  
                                                                                               
                                                                                      
                                                                                              
                                                    lat-2 ok301                            
                                                                                              
               
                                                      lat-1 ok1465     lat-2 tm463          
                                                                                        ’  
                                                                   lat-2 lat-1            
                 lat-2 lat-1                                                                  
                                                                                    
          ’                                                         
                                      lat-1 ok1465                                  lat-
2 tm463  lat-1 ok1465                                                    lat-1           lat-
1 ok1465                                                                              
                    myo-2::                                                         
                                                        lat-1 ok1465                          
                                                          gfp                              
                                                                                             
                        lat-2 tm463  lat-1 ok1465                                              
           lat-1 ok1465  
                                         lat-1 ok1465   lat-2 tm463      lat-2 t,463  lat-
1 ok1465                                                                 lat-2 tm463      
                                                                           N2  lat-1 ok1465    
    lat-1 ok1465  lat-2 tm463                                                        
                         N2                                      et al              
                              lat-1                                              
                                                      ’                               
                                                                       ’               
                                                                          ’             
             
         
                            
                       
                                      
           slo-1            
                         ’           
                
                              C. elegans                                                   
                                                                                        
                                                                                          
                                                                                           
                                                                                                 
    C. elegans                                                                   
                                                                                        
                                                                                         
                                       
                                                                                             
                                                                                 
                                  pd18     pd20                                      slo-
1 js379                                                                                  
                                                                                     
                                         C. elegans                                 
                                                                                         
                                                          Ascaris suum              
         et al       
                                                                                            
                                                                                    
                                                                                            
                                    
                                                                                      C. 
elegans                                                                           
                                                                                           
                                                                                           
                                                                                         
          
             C. elegans                                 C. elegans     C. elegans     
                                                                                     
                                                                                           
           
                                                                                               
                           C. elegans                                                    
            et al                                                                      
                                                                                      
                                                                                      
                                                                                          
                                        N2                                         
       
                                                                                              
                                     et al                                                    
                                                                                       
                                                                                                
                                                                                                 
                                                                             
                            
        
      
                      
                                                                                         
                                                                                         
                                                                                               
                                                                                             
                                                                                       
                                              pd19, pd23, pd21, pd17, pd24, pd47     pd46 
                    
pd19                                                                                     
                                                                                              
                                                                                        
                                                       N2                               
                                                                                          
                             –                                         N2            
                                                                                           
                                                                                       pd19
                                                                                        
                                               N2                                     
                                       N2         N2                                      
              
  
  
pd19                                       
            
                                                      
            
                               
     N2
N2 N2  
     
     
     
      
  N2 N2
      
N2 N2  
N2    
     
N2    
N2    
     
  N2         
                                           pd19                               
                                                                                    
                                                                                  
               N2                                                                     
   N2                                                                               
                                                                           N2             
                                                                 
CB
N2
                     CB
N2
                                         N2
CB   
  
  
pd19                          
            
                                       
                                    
N2 N2
N2 N2
N2 N2
N2 N2
N2 N2
N2 N2
N2 N2
  N2
  N2
  N2
  N2
N2 N2
N2 N2
N2 N2
  N2       
                                   pd19                                         
                                                                                        
                                                                        N2         
                                                                                          
                                           N2                                       
                       
CB
N2
                  N2
CB
                       
                    pd19                                                                 
            N2                                                                     
                                                                                 pd19           
                                                                                     
                                  N2                                                    
                        N2         N2                                               
                                                                                             
                                                                                      
                         
                                                                                        
                                                                                               
        js379             slo-1                                                              
             dpy-20 e1282                                                                
                                                                                        
                                    slo-1 js379   slo-1 js379    slo-1        N2        
                                                                                       
                                                                                             
                                                                                       slo-
1 js379    slo-1        N2                                          slo-1 js379        
P        slo-1 js379    slo-1                                          N2                    
                      slo-1                                                                  
          slo-1 js379                                                        
             slo-1 js379                                                   js379 js379, 
js379/+     N2                             μ              “                  ”        
                                                                                           
                                                        ≥                                
          P       
                                                      slo-1 js379                             
                         slo-1 js379                                              
                                                                                         
                                    N2                                                       
                                                                                
0
20
40
60
80
100
120
js379//js379 js379//+ WT
%
c
o
n
t
r
o
l
r
e
s
p
o
n
s
e
   
   
  
N2   
                   pd19
                                                     pd19 / pd19  pd19 / +     pd19 / js379
                                       pd19 / +                                         
                pd19 / pd19  P                                pd19                   
              pd19 /                                             pd19 / js379  P              
                  pd19     js379                                                              
          
             pd19                        slo-1 js379                                      
pd19  pd19, pd19//+     pd19  js379                             μ              “          
        ”                                                                          
                                                                                ≥             
                              P       
0
20
40
60
80
100
120
pd19//pd19 pd19//+ pd19//js379
%
c
o
n
t
r
o
l
r
e
s
p
o
n
s
e
          
                   pd23
                                                     pd23 / pd23  pd23 / +     pd23 / js379
                                       pd23 / +                                         
                pd23 / pd23  P                                pd23                   
              pd23 /                                             pd23 / js379  P              
                  pd23     js379                                                              
          
             pd23                        slo-1 js379                                      
pd23  pd23, pd23//+     pd23  js379                             μ              “          
        ”                                                                          
                                                                                ≥             
                              P       
0
20
40
60
80
100
120
pd23//pd23 pd23//+ pd23//js379
%
c
o
n
t
r
o
l
r
e
s
p
o
n
s
e
          
                   pd21
                                                     pd21 / pd21  pd21 / +     pd21 / js379
                                       pd21 / +                                         
                pd21 / pd21  P                                pd21                   
              pd21 /                                             pd21 / js379  P              
                  pd21     js379                                                              
          
             pd21                        slo-1 js379                                      
pd21  pd21, pd21//+     pd21  js379                             μ              “          
        ”                                                                          
                                                                                ≥             
                              P       
0
20
40
60
80
100
120
pd21//pd21 pd21//+ pd21//js379
%
c
o
n
t
r
o
l
r
e
s
p
o
n
s
e
          
                   pd17
                                                     pd17 / pd17  pd17 / +     pd17 / js379
                                       pd17 / +                                         
                pd17 / pd17  P                               pd17                   
              pd17 /                                             pd17 / js379  P              
                  pd17     js379                                                              
          
             pd17                        slo-1 js379                                      
pd17  pd17, pd17//+      pd17  js379                             μ              “  
                ”                                                                          
                                                                                ≥             
                             P                        P       
0
20
40
60
80
100
120
pd17//pd17 pd17//+ pd17//js379
%
c
o
n
t
r
o
l
r
e
s
p
o
n
s
e
      
      
                   pd24
                                                     pd24 / pd24  pd24 / +     pd24 / pd23
                                       pd24 / +                                         
                pd24 / pd24  P                                pd24                   
              pd24 /                                             pd24 / pd23  P              
                  pd24     pd23                                                              
          
             pd24                        slo-1 pd23                                      
pd24  pd24, pd24//+     pd24  pd23                             μ              “          
        ”                                                                          
                                                                                ≥             
                              P       
0
20
40
60
80
100
120
140
pd24//pd24 pd24//+ pd24//pd23
%
c
o
n
t
r
o
l
r
e
s
p
o
n
s
e
          
                   pd47
                                                     pd47 / pd47  pd47 / +     pd47 / pd23
                                       pd47 / +                                         
                pd47 / pd47  P                                pd47                   
              pd47 /                                             pd47 / pd23  P              
                  pd47     pd23                                                              
          
             pd47                        slo-1 pd23                                      
pd47  pd47, pd47//+     pd47  pd23                             μ              “          
        ”                                                                          
                                                                                ≥             
                              P       
0
20
40
60
80
100
120
140
pd47//pd47 pd47//+ pd47//pd23
%
c
o
t
r
o
l
r
e
s
p
o
n
s
e
          
                   pd46
                                                     pd46 / pd46  pd46 / +     pd46 / pd23
                                               pd46 / +                                
               pd46 / pd46                                                       pd46   pd46
                                                         pd46                                
                                                                                      
                           pd46 / pd46                           μ                   
                                                   pd46 /                                    
     pd46                                         pd46 /                             
                                     pd46 / pd23           pd46 / pd23                      
                                                   pd46 /                                 
                       pd46     pd23                                                          
              
             pd46                        slo-1 pd23                                      
pd46  pd46, pd46//+     pd46  pd23                             μ              “          
        ”                                                                          
                                                                                ≥             
                            P<0.05 
0
20
40
60
80
100
120
pd46//pd46 pd46//+ pd46//pd23
%
c
o
n
t
r
o
l
r
e
s
p
o
n
s
e
     
    
                  slo-1                                       
                                                                                                 
slo-1                                                                                  slo-1
                                                                                         
        slo-1                                                                         
                                                                                          
                                                                       slo-1           
pd17  pd19  pd21     pd24                ’                                                   
                                          slo-1           pd24  pd46     pd47         
                                                                                      
                                             N2                                pd17, pd19, 
pd21, pd23, pd24, pd46     pd47                                                       
                          pd17  pd19  pd21     pd23                    pd24      
                     
                                    slo-1                           slo-1                
        pd17  pd19  pd21  pd23  pd24  pd46     pd47                                          
                                                   slo-1       N2                         
                                                                                  
pd17    pd19     pd21    pd23                      pd24      pd46      pd47
       
       
       
       
       
                              
                                                                    slo-1      
                                   pd47                                                
                                                                      
                                                                                      
                                                  slo-1                              
                                                     slo-1                         C. elegans
     et al            et al                                           slo-1
                                                                                           
                                                                                          
                                                                         
             slo-1                                                                     
slo-1                           et al            et al                                         
                                                                                              
                                               
                                 slo-1                                                      
                                                                                          
                                                                                           
                                                                                     
                                                                                     
                                                     slo-1                    
       slo-1       slo-1       slo-1      
pd17                     
pd19                     
pd21                     
pd23                     
pd24                     
pd46                     
            slo-1                                                                 pd17, 
pd19, pd21, pd23, pd24     pd46                                                            
       
                             slo-1                                                        
                                                                                             
                                                                  N2              
                                                  slo-1                               
         
                                                slo-1 pd17                               
                                                                                    
                                                                                               
                              
  
  
                           pd17 slo-1                                              
              pd17 slo-                                                                  
pd17             
                                             slo-1 pd19                               
            pd19                                                                        
                                         
                           pd19 slo-1                                         pd19 slo-
                                                               pd19             
                                                  
pd17     
N2         
                                                     
pd17     
N2         
                                                   
pd19     
N2            
                                             slo-1 pd23                               
            pd23                                                                         
                                           
                           pd23 slo-1                                         pd23 slo-
                                                               pd23             
                                             slo-1 pd24                               
            pd24                                                                         
                                          
                           pd24 slo-1                                         pd24 slo-  
                                                             pd24             
                                              
pd23     
N2         
                                         N2         
pd24        
                                                                                      
                                                                                                
                                                                           slo-1       
                                                slo-1         js379    pd23                
                                                                                     
                  js379                                               
                                                                                     
                      slo-1                                                                   
                                                                                       
                                                                                           
                                       pd17, pd19, pd23, pd24     js379             
                                                                                                
                                                        
                   
                   
       
slo-1     
          
slo-1    
                         
pd17          
     
     α 
    
pd19               β 
pd21       
pd23                  α 
pd24                  β     β 
pd47       
pd46          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
MGEIYSPSQSKGFNQPYGYPMNCNLSRVFMEMTEEDRKCLEERKYWCFLLSSITTFCASMILVVIWRVVTHLCCQRREKE
FVEPIPAPEAVQINMNGSKHAPSETDPFLKQQEEKHLGWMTEAKDWAGELISGQSLTGRFLVLLVFILSIGSLIIYFYDA
SFQNFQVETCIPWQDSPSQQIDLGFNIFFLVYFFIRFIAASDKVWFLLEMYSWIDFFTIPPSFVAIYLQRNWLGFRFLRA
LRLMTVPDILQ/StopYLNILKTSSSIRLTQLVTIFVAVCLTGAGLVHLLENSGDFFKGFINPHRITYADSVYFVLVTMS
js379
TVGYGDIYCTTLCGRLFMIFFILFGLAMFASYVPEIADLIGNRQKYGGEYKGEHGKKHIVVCGHITYDSVSHFLQDFLHE
DRDDVDVEVVFLHRVVPDLELEGLFKRHFTKVEFFTG/RTVMDSLDLSRVKIGDADACLVLANKYSTNPDAEDAANIMRV
pd19
ISIKNYSSDIRVIVQLMQYHNKAYLLNIPSW/StopDWKRGDDVICLAELKLGFIA/VQSCLAPGFSTMMANLFAMRSFK
pd23 pd17
TSQTTPDWLNLYLCGAGMEMYTDTLSHSFVGMTFPEAVDLLFNRLGLLLLAIELKDEENKECNIAINPGPHIVIQ/Stop
PHTPLWLNDYLRGAGMEMYTESLSPSFANMSFPEAAN pd24
Splice c alternate exon 9
PQTQGFFIAQSADEVKRAFFWCKQCHDDIKDVSLIKKCKCKNLALFRRNTKHSTAAR*************ARATDVLQQF
DYSDFDALFYQND
Splice c exon 11a
QPQAPAGPMGHLGQQVQLRMINQQ***********************PSSGGRRNSMSIPPDGRGVDFSKDFEQQFQDMK
SSTSDTHLNTKSLRFAYEIKKLM
Splice a exon 13
YDSTGMFHWCPSRNLEDCVLERHQAAMTVLNGHVVVCLFADQDSPLIGLRNFIMPLRSSNFHYHELKHVVIVGDLEYLRK
EWKTLYNLPKISILNGSPLSRA/VDLRAVNINLCDMCVIISARVPNTEDTTLADKEAILASLNIKAMQFDDTLGFFPMRH
pd17
QTGDRSPLGSPISMQKKGAKFGTNVPMITELVNDSNVQFLDQDDDDDPDTELYLTQPFACGTAFAISVLDSLMSTTYFND
SALTLIRTLVTGGATPELELILAEGAGLRGGYSTPETLSNRDRCRIAQISLQDNPYDGVVHNTTYGAMFTIALRRYGQLC
IGLYRLHDQDNPDSMKRYVITNPPAELRIKNTDYVYVLEQFDPGLEYEPGKRHF*
  
                                                                                                    
                                                                             slo-1                js379  pd19  
pd23  pd17  pd24                                                                                           
                                                                 
                                                  
                                                                                               
             
  
                                   et al               et al                                      
js379
pd19 pd23 pd17 pd24 pd17
              
 
 
     
   
    
         
              
                                                                                               
           slo-1                 pd19                                                
                                                                                    
             pd18     pd20                                         slo-1            
                                                                                               
                                                                                      
                             pd19, pd23, pd21, pd17, pd24, pd47     pd46             
               slo-1 js379     pd23                             js379                     
                                                                                                
     
                                                     slo-1                                       ’  
                slo-1 js379                                                                   
                                                                                                 
                            slo-1 js379                                ’                      
                                                                                           slo-1 
                                                                                          
                                    α                              pd23     pd24
                                                                      pd19              
                                         pd17                                                   
                                           α                                           
                                                                                            
                                               et al                                            
                                                                                   et al
             et al                                                                          
                                                                                              
                                                                                                  
                                                                                                     
                                                                                             
                              slo-1         pd47                                             
                                                                                              
                                                              
                                      C. elegans slo-1                            
                                                                                              
                        Caenorhabditis briggsae             Trypanosoma cruzi     
                                                  Caenorhabditis briggsae            
Dictyostelium discoidem               C. elegans slo-1                                 
                                                                      pd19                 
                                                                                              
               pd17                                                                              
                                                                                         
                                                                                         
                           
                 pd24     pd23                                         pd23      
                                                                                        
                                                                                              
                                                                                      
          Xenopus                      et al                                                   
                                                                        pd23                 
                                                                        ’                  
                     et al                                                                  
                                            N2                           C. elegans slo-1    
pd23                                                                                          
                                               pd24                                            
        
                                                                                    
                                                                                      
                                                                                           
                                                                                
         
                        slo-1           
                
                                                    ’                              slo-1
                                                                                              
                                  slo-1              ’                                         
              slo-1                                                      slo-1        
                                 slo-1                                     ’          
                        
                                                                                         
                                                                                          
                                                                                            
                                                                                            
                                                                                      
                                                                                        
                                                                             slo-1            
              slo-1                                                                            
                                                                                  et al
                                         slo-1                           ky399     ky389     
                                                                                           
                                                                 N2                            
                         ’                                                                  
                                                                                       
                         ’                 
     
                                                                         ’          
                                                                                            
                      ’          
          
     
         
          
         
        
                        C. elegans                                                       
                                                                                       
                                                       et al             et al            
                                                                                     
                                                                                             
                                                                          et al             
et al                                                                              
                                                                                       
                                                                                        
                      et al                                            slo-1 js379           
                                                                                           
                                                                                        
                                                              
                                C. elegans                                                       
                     et al                                                             
                                                               et al             et al        
            slo-1                                                                  et al 
                   slo-1                                                                     
                                                                                                  
                                                                                               
                                                                                        
                                                                                               
   slo-1                                                                               slo-1 
                                et al        
                                  slo-1         pd17  pd19  pd21  pd23  pd24  pd46     pd47
                                      N2                                                    
slo-1                                                                                    
                                                                                             
               slo-1 js379                                                                  
                                           ky399     ky389                              
                                                                              
                             rol-6 e187                             rol-6 e187         
                       ky399                                                             
        et al                                           ky399                          
ky399                                 N2                                                  
         ky399                                          
                                                                                           
                                              N2                                              
                                                                                                 
                                                                                            
                                                                                               
slo-1                             N2                                                  
                                                   slo-1                              N2
                                 N2                                 N2                    
                                                                                        
                                                                                                 
                                         
    slo-1 js379                           
                           slo-1 js379               ’                                 
                                                                                            
                                                                                  
                                                                                 N2           
                                            N2     slo-1 js379                           
                                                                                          
              N2                  μ         μ   slo-1 js379                        
                                   N2                                                     
                    slo-1 js379                                                       
                                                               slo-1 js379                     
             slo-1 js379                                slo-1 js379   ■      N2  ▲       
            ≥                                            P       
slo-1 js379                                                 μ                                 
                                                                                                
   slo-1 js379                                                         μ                    
                       N2        slo-1 js379                                            
       N2                                  μ                                            
               slo-1 js379                                     μ             
-11 -10 -9 -8 -7 -6 -5 -4
0
10
20
30
log[emodepside]
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
0
       
   
    
                       ’             N2     slo-1 js379                               
                               N2                                         N2            
  μ                              slo-1 js379                                      slo-
1 js379               μ                          
                                               slo-1        
                                         slo-1         js379  pd17  pd19  pd21  pd23  pd24  
pd46     pd47                                                                    
                                                                                        
                                                                                          
                                                                                     
                                                                                           
                                                                                           
             slo-1                                                                          
js379 
     
        
             slo-1                                                                         
                            N2  js379  pd47  pd19  pd23  pd17  pd24  pd46     pd21  □ 
                                     ■                           μ                  
          ≥                                          P<0.05               P             
          P      
                  N2  pd17  pd46                                                     
P       pd17     pd46                                                 N2                
                                                                                        
                                                                              pd19     pd21
                                                                                 P           
P<0.05     P                                       js379  pd47  pd23     pd24        
                              
WT WT  js379  js379  pd47 pd47 pd19 pd19 pd23 pd23 pd17 pd17 pd24 pd24 pd46 pd46 pd21 pd21
0
10
20
30
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
   
  
  
 
  
   
  
   
  
N2 N2   
                          slo-1        
                                                                                       
                                                                                         
                                                                                             
                              E. coli                                                          
                                                                                             
                                                                                      
                                     N2           
             slo-1                                                                   N2  
js379  pd47  pd19  pd23  pd17  pd24  pd46     pd21                                           
 ≥                                               P<0.05                   P       
              N2 
                                                    slo-1                                  
                      N2                              pd17     pd21                      
                    N2                            pd46                                         
            N2  P<0.05                               pd47  pd19  pd23     pd24     
                                      N2  P                                                   
                                                        pd21                          
                      N2                                                  
WT js379 pd47 pd19 pd23 pd17 pd24 pd46 pd21
0.0
2.5
5.0
7.5
r
e
v
e
r
s
a
l
s
p
e
r
m
i
n
u
t
e
       
   
   
  
   
 
  
N2   
                            slo-1        
                                                                                       
                                                                                         
                                                                                          
                                                                                          
                                                                                             
                                                                                            
                                                               
                                                                                         
           slo-1 js379                                                          N2    
                                   slo-1 js379                                                
                 P                                                         et al         
                                                                                         
≥           slo-1 pd24                                                          N2    
                                   slo-1 pd24                                                
                     P       P           P                                              
                                                                ≥          slo-1 pd19      
                              N2                                                      
                                                         ≥          slo-1 pd23                
                    N2                                                                    
                                           ≥          slo-1 pd17                          
                                N2                                       slo-1 pd17      
                                                              P       P           
P                                                                                          
                      ≥          slo-1 pd47                                                
          N2                                       slo-1 pd47                                
                                P          P                                        
                                                         ≥          slo-1 pd21                
                    N2                                                                    
                                           ≥          slo-1 pd46                             
                                N2                                       slo-1 pd46      
                                               P       
                                                                                             
                             js379  pd24     pd47                                           
                                               pd23                                             
                                                                  N2  pd17     pd46            
                                                                                   N2  pd19     
pd21                                                                                       
                           N2                                                                
                                                                                          
                                                               
   js379    pd24    pd19
   pd23    pd17    pd47
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
   
   
   
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d    
  
 
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
   
   
  
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
  
    
   pd21    pd46
             slo-1                                                                                                             N2  ■      js379 
 ♦                                                     N2  ■      pd24  ▲                                       ≥               N2  ■      
pd19                                         ≥              N2  ■      pd23  ●                                       ≥              N2  ■  
    pd17  ▼                                       ≥              N2  ■      pd47                                      ≥              N2  ■  
pd21                                         ≥              N2  ■      pd46                                         ≥                       
P<0.05               P                        P       
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
     
    slo-1 ky399      slo-1 ky389                                      
                   N2                                      
    slo-1                          ky399     ky389                             nsy-3
                                                 et al             slo-1 ky389      slo-
1 ky399                                                    et al        
                   slo-1 ky399      slo-1 ky389               ’                           
                                                                                       
                                                                     slo-1 ky399      slo-
1 ky389                                      N2                                                    
slo-1                                                                                  
                                                                                            
    N2     slo-1 ky399      slo-1 ky389               N2  slo-1 ky399      slo-1 ky389      
                              N2                                                       
       slo-1 ky399                                                                   slo-
1 ky389                                                                  
                                          slo-1                           slo-1 ky399  
 ▲   slo-1 ky389   ▼      N2  ■                                                     
          P                        P                                    N2    slo-
1 ky389                    N2    slo-1 ky399                
-11 -10 -9 -8 -7 -6 -5 -4
0
10
20
30
40
log [emodepsoide]
b
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
0
   
       
       
   
  
   
  
   
  
     
                                                  slo-1                                   
slo-1 ky399      slo-1 ky389                                         N2                 
                                                                         slo-1 ky399      slo-
1 ky389          et al                                                                    N2
      et al              et al                                            slo-1 ky399      
slo-1 ky389                    N2                                                       
                                                   
              
                                                                      slo-1 js379           
                                                                                           
                                                                                             
                                                                   slo-1 js379     
                             μ                            N2                               
                                         
                      slo-1                                                                     
                                                                                             
js379  pd23  pd24     pd47                           μ              js379  pd23  pd24     
pd47                                                                                 N2
 P         pd17     pd46                                                              
             pd17                                             N2                            
pd46                                                N2  P<0.05                                 
                                          slo-1                            
                         pd21  pd21                                                            
                                                 N2                                       
            pd21                                                                              
                        pd19                                                   μ  
                                                                  P                         
            pd19                                       N2  P                                 
                                       ’                                         pd19     
                                                                                      
                             N2                                                               
                                                           
                     
                
                      
         –          
   N2
            
                  
js379                    
pd23                   
pd24                    
pd47                   
pd19                          
pd21                        
pd17               
pd46             
            slo-1                                                       μ              
                           μ                                                      
                                                  P                    P                   
P                                                                                                 
     slo-1                                                                                        
                                   slo-1                                 P<0.05               
P                        P       
                                                                                             
                                                                                   
                                                                                         
                                                                                       
                              slo-1                                            slo-1 
js379                                                                                         
        slo-1                                                                                
                                                                                           
                             js379     pd24                  pd23                   pd23
                                             slo-1                              pd24             
                                                          pd24     pd23                      
                                                                                        
                                                    slo-1                    slo-1             
       unc                                                                                      
et al                   md1745                                                             
                                  js379                                         
                                          js379                                       
              md1745                slo-1                               slo-1                  
                                                          
                                                                                       
                                                                                     
        js379  pd24  pd23                                                                   
                                                     N2                              
         pd19                                                                        
                                                     N2                               
                   pd17                                                                   
                                                  N2                                     
                                                                                          
                                                                                               
                                                                                         
                                                                                                   
     pd21                               pd21 slo-1                                    
    slo-1                          ky399     ky389                                          
                                                                                          
                                                                                        
                                                                                              
                                
              slo-1                                                                              
                                                                                        
                                       slo-1                                                       
                                                                slo-1 js379             slo-
1                                          et al                                           
                                                                                                 
                            
         
                                        
                   ’          
         
                 
                                                                                         
                                                                                           
                                                                                            
                                                                                                
                                                                                               
                                                                                    
                                                                                         
                                                           slo-1        slo-1 js379               
                                                          slo-1                          
                      
                                                                                              
                                                                                     
           et al                                       Drosophila melanogaster             
                                                      et al                                   
                                                                                            
                                                                                              
                                                                                         
         et al                                   C. elegans                            
                                                              C. elegans                          
            C. elegans       en passant                                                    
                                                                                          
                 et al                                                                 
                                                                                       
                                                                                            
                                                             et al         slo-1     
                           C. elegans                                                        
                       unc-64  unc-64 e246                                              
                                                                                 unc-
64 e246                                                             slo-1                    
   slo-1                                       slo-1                 unc-64                         
                       slo-1           unc-64  slo-1                                       
                                                        C. elegans              
                                                                                        
                                       
                                                                                           
                                                                                       
                                                                                              
                                                                                          
                                                                                             
                    et al                                                                   
                                                                               et al           
                                                                                         
                                        et al               et al               et al        
                                                                                         
                                                                                          
                                                                                             
                                                 
                                                                                   
                                                                                         
                                                                                          
                                                                                     
                                                                                          
                                                                                    
                           
       
        
      
      
             
     C. elegans                
                                                      ’                                  
          slo-1                                       slo-1 js379                      
                                                                                         
      et al                        slo-1                                                   
psnb-1                               slo-1                                          
       pmyo-3                                                         slo-1 js379           
                                                                                   
         gfp                                                  myo-2                       
                                                                                 
                                                                                             
                                                         et al                               
                                                                                      
         myo-2::gfp                                                                        
                                                                                  
                                                                                          
                     et al                                                              
                                     
                                                                                        
                                    slo-1 js379                   slo-1 js379           
                                                                                    
                                                                      myo-2::gfp        
                                                                                  
                                                                                  
                                                                                 N2  slo-
1 js379      slo-1 js379              myo-2::gfp                                    
               
                                                                      N2  slo-1 js379  
    slo-1 js379                               myo-2                                   
                                                                                         μ  
                    slo-1 js379                                                            
                         P       
N2                                                        P                          
                                   slo-1 js379                                           
                                                              slo-1 js379              myo-
2::gfp                                                                                      
                                          myo-2::gfp                                    slo-
1 js379                                                      gfp                          
                                                                                           
               myo-2::gfp                                                                   
                                 et al       
                                               slo-1 js379                            
                                                                                          
                                                                                        
                      N2        
         
N2 N2 slo-1 slo-1 slo-1 pPD118.33 slo-1 pPD118.33
0
10
20
30
40
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e   
   
 
                                                                                  
                                                                                        
                                           slo-1                                       
                                                                                     slo-
1 js379                                                       N2                        
                                                                         slo-1 js379  
                                                     N2                                    
                                                                                   
            
                                                                             slo-1          
       unc-54                                                                               
                                                                  myo-2::gfp            
                                                                                       
                                                                                         
                                                                                         
                             N2                                                              
                                                                                       
js379     js379     js379          N2                 
                             
                                                               
       
       js379     js379     js379             N2    
                             
                                                                
                                                        N2                                  
slo-1 js379              myo-2::gfp                                                        
                                                                                       
                       myo-2::gfp                         
                            slo-1                                    slo-
1 js379 
                                                     slo-1                      slo-
1 js379   N2     slo-1 js379             slo-1                                               
                                                                                   
                                                                                          
                                                                                         
                                                                                        
                                                                                          
                        
             slo-1                                                                     
              N2  ■   slo-1 js379   ♦      slo-1 js379             slo-1                    
                   snb-1  ▲                                                                
                      P<0.05                   P                                     
slo-1 js379   ♦      slo-1 js379             slo-1                                       snb-
1  ▲  
-11 -10 -9 -8 -7 -6 -5 -4
0
10
20
30
40
log[emodepside] M
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
0
            
                      slo-1 js379             slo-1                                           
                   N2     slo-1 js379                                                           
             N2                         slo-1 js379                                           
                         slo-1 js379             slo-1                              slo-
1 js379             slo-1                                                           μ         
μ                         slo-1 js379       P<0.05, P<0.001     P<0.001                
N2                                                    slo-1 js379             slo-1           
                       P       
                                 N2                     slo-1 js379             slo-1       
                       μ                                                        
                  μ             slo-1 js379                                              
                 N2                                                                        
                                            slo-1 js379             slo-1                   
                                                            
        
                                                                              μ  
               slo-1 js379        μ                 N2       μ                 slo-
1 js379             slo-1                                                                N2    
slo-1 js379        μ                
                                    slo-1                                
                                                     slo-1                            
   slo-1 js379   N2     slo-1 js379             slo-1                                        
                                                                                     
                                                                                         
                                                                                        
                                                                                        
                                                                                            
                                      
             slo-1                                                                  
                         N2  ■   slo-1 js379   ♦      slo-1 js379             slo-1         
                                        myo-3  ▼                                         
                                                P                                     
slo-1 js379   ♦      slo-1 js379             slo-1                                       
                ▼  
                      slo-1 js379             slo-1                                           
                            N2     slo-1 js379                                         
                                                                 N2                         slo-
1 js379                                                                    slo-1 js379  
           slo-1                                       slo-1 js379             slo-1           
-11 -10 -9 -8 -7 -6 -5 -4
0
10
20
30
40
log [emodepside] M
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
0
          
                                                 μ         μ                         slo-
1 js379       P<0.001  N2                                                    slo-1 js379  
           slo-1                                  P        slo-1 js379             slo-1    
                                                            N2       μ                 
                                                         slo-1                   
                   slo-1                                             
                      
                                                     slo-1                           
                slo-1 js379   N2     slo-1 js379             slo-1                     
                                                                                        
                                                                                          
                                                                                         
                                                                                              
                                                                                           
           
             slo-1                                                              
                               N2  □   slo-1 js379   ♦      slo-1 js379             slo-
1                                                 myo-3                               snb-
1  ▼                                                                                        
P                                     slo-1 js379   ♦      slo-1 js379             slo-
1                                                 myo-3                               snb-
1  ▼  
-11 -10 -9 -8 -7 -6 -5
0
10
20
30
40
log[emodepside] M
B
o
d
y
b
e
n
d
s
p
e
r
m
i
n
u
t
e
   
    
slo-1 js379             slo-1                                                                   
     μ                         slo-1 js379       P<0.001                     slo-1 js379  
           slo-1                                                                          N2    
  μ                       slo-1 js379             slo-1                                
                         N2                   μ                                       
                      slo-1 js379             slo-1                                  
                          slo-1                                         
                                
                                                                                        N2
    slo-1 js379                                        C. elegans                        
                                                        slo-1 js379                               
      et al                                                                                    
N2     slo-1 js379                                                                         
                                                                                    
                                                                                     
                                                                                   
                                                                                            
                                                                                           
       
     slo-1 js379                            
N2     slo-1 js379                                                                         
                                                                                              
         slo-1 js379                                                          N2    
                                   slo-1 js379                                                
                 P                                                             et al           
             slo-1 js379                                                                    
N2  ■      js379  ▲                                                                   
                                                                                 N2         
                                              slo-1 js379                 P                
   N2         
                          N2                        
                                                                                       
        N2                                                                              
                                                                                       
                                                                                      
                                                                                              
                                                                                       
                                                                                       
                                                                                 
                                                                                  
                                                      
                                                                                      
                 N2                                                                        
                 N2                                                                          
0 30 60 90 120 150 180 210
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
   
   
      
                                                                                             
                      P                               P                                N2
                                                                    N2                     
                      N2                                                                    
                                N2                                                        
                                                                                           
                                          N2 
                                       N2                                               
                 N2                                                        ■   N2        
                                                    ▲      N2                         
                                                        ▼                          
                                    ■                           ▲                             
 ▼                P                        P       
                                                                                     N2
                                                                                       N2
                                                                                       
                                                                                               
P                              P      
0 30 60 90 120 150 180 210 240
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
   
  
   
          
                                      N2                                                   
             N2                                                        ■   N2           
                                                ▲      N2                            
                                                    ▼                                    
                           ■                           ▲                              ▼     
          P<0.05                  P      
                                                                                     
                                                                                         
                                                                                         
                                         N2                                             
                                                                                          
                                                                                      
                                                                                       
                                                                                              
                                                                                               
                                       
0 30 60 90 120 150 180 210 240
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
 
 
       
     
                                                                                   
                                                                               N2
                                                                               N2
                                                                        
                                slo-1 js379                      
                                                                                   
                        N2                slo-1 js379                                      
                                                                                         
                                                                                              
                                                                                         
                                                                                       
                                                                                          
                                                                                             
                       
            
             slo-1 js379                                                                
                                    slo-1 js379                                             
                   ■   slo-1 js379                                                 
            ▲      slo-1 js379                                                            
                      ▼                                                               ■   
                        ▲                              ▼  
                                                                                      
                 slo-1 js379                                                              
             slo-1 js379                                                             
                                 slo-1                           ’                     
             slo-1 js379                                                                      
                                                                                         
                               slo-1 js379  
                                                                             ’             
                                                                                        
                                                                                    
0 30 60 90 120 150 180 210 240
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d   
     slo-1 js379             slo-1                                           
           slo-1                      slo-1 js379                                               
                     N2                                   slo-1 js379                       
                                                                                           
            N2                   slo-1 js379                                            
                                                                   et al                     
                                                     slo-1 js379                             
                                              ’                                              
slo-1 js379             slo-1                                
                                                                                           
                                                                                 slo-1 js379  
                                                        N2                        
                                   slo-1 js379                                         P      
               P                                        N2                               
               slo-1 js379             slo-1                                                  
             slo-1 js379   
             slo-1                                                                      
                                    N2  ■   slo-1 js379   ▲       slo-1 js379             slo-
1                                             ▼                                         
                      ■                           ▲                              ▼                
P                        P                                       slo-1 js379      slo-
1 js379             slo-1                           slo-1 js379      N2         
0 30 60 90 120 150 180 210 240
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
   
  
  
     
     et al                          slo-1 js379                                            
                                                                                   
                    slo-1 js379                                                             unc-
64 e246                         slo-1 js379                    slo-1                     
                                       unc-64 e246   slo-1 js379                       
                                                       unc-64 e246                             
slo-1               .                                                 slo-1                
                                                                                            
                                              slo-1                                  
                     et al                                  slo-1                      slo-
1 js379                                                              slo-1                  
                          slo-1 js379                                     slo-1             
                                                                                            
                                            
     slo-1 js379             slo-1                                      
              
slo-1 js379             slo-1                                                                 
                                                                                                    
                                                                                  
                                                                         slo-1 js379      
                                                    N2                                      
                     slo-1 js379                                             P              
                          N2                                              slo-1 js379  
           slo-1                                                                    slo-1 js379  
              P<0.05     
             slo-1                                                            
                                                      N2  ■   slo-1 js379   ▲       slo-
1 js379             slo-1                                                       ▼        
                                                       ■                           ▲        
                      ▼               P<0.05                   P       
                                                               slo-1 js379             slo-1       
                                   slo-1 js379                                                  
                   slo-1               
                                               slo-1 js379                                        
                                slo-1                                                   
                slo-1                                                                   slo-
1                                                                                             
                                                                                        
                                                                                           
                                                                                              
              
0 30 60 90 120 150 180 210 240
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
 
   
   
      
                                                
                                                                                             
                    et al                                                                    
                                                N2                                       
                                                                                     
                                                                                        
                                                                                           
                                                                                      
                                                                                 
                                                                                         
                                                                                     
                                                       
                                       N2                                                 
    μ              N2        μ                                                 ■   N2
       μ                                                     ▲      N2         
                μ                                                         ▼        
                                                       ■                           ▲        
                      ▼               P<0.05               P                        P       
                                                                                        
             N2                                                                               
          N2                                                                            
0 30 60 90 120 150 180 210 240
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
 
   
   
  
       
                                                                                             
                        P<0.05                           P                             
     P        N2                                                                         
                                                                                     
                               N2 
                                                                                               
                                                                                               
                                                                                          
                                                                                              
                                                                        slo-1 js379                
                 
     slo-1 js379                                    
                                                                                      
                                                                                        
                                                                                        
                                                                                           
                                                                                  
                            slo-1 js379                                                        
                 N2                                      slo-1 js379                          
                                                       P           
             slo-1 js379                                                      μ              
N2        μ              ■      slo-1 js379         μ              ▲                     
                                          P       
0 30 60 90 120 150 180
0
20
40
60
80
100
120
Time (minutes)
%
p
a
r
a
l
y
s
e
d
   
   
              
               
              slo-1                                                 slo-1 js379             
                    ’                                                                     slo-
1                                                                                             
                                                                                          
   slo-1                                                                     slo-1  gfp  
     et al                          slo-1                                                   
                                                                                          
slo-1::gfp                         et al                            slo-1                     
        slo-1::gfp                                              et al                  
                        slo-1                                                              
        slo-1::gfp                  et al       
                       slo-1 js379             slo-1                                        
                                             slo-1    N2                 slo-1              
                                                                                        
                                                  slo-1 js379             slo-1            
                                                                                              
                                                                                     ’  
                                                                                                
                                                   slo-1                               
                                                                    N2              
                                                               
                                                                                   
                                                                                        
            et al                                 gfp                                         
                                                                                            
              slo-1                                                ’                      
                                  slo-1                                                    
                                  ’                                                      snb-1
    myo-3                                       slo-1                                              
                                                               slo-1                      
           slo-1                                                                          
                                          
           slo-1                                          slo-1 js379               
                                           ’                                                
                                                                                         
                                    slo-1 js379             slo-1                            
                                        N2                                                  
                                                                                             
                                                                   slo-1                   
                                           N2                    μ                        
                      snb-1                                                 slo-1    
                                                                                         
                                               et al                                          
                                                                                    
                                                                 
                                                           slo-1                            
                                                     ’                                     
                         slo-1                                                             
                                                                                        
                                                                                                 
                                                     
                                C. elegans                                                       
                     et al        slo-1 js379                                                 
                             et al                                                           
                                     slo-1                           slo-1                     
                                                                slo-1                      slo-
1 js379                                                                                       
                                                   slo-1 js379                             
                                                                                               
                                                                                                   
                                                                                             
                       unc-64        unc-64  slo-1                    unc-64           
                                       slo-1                                              et 
al         
              slo-1                               slo-1 js379                           
                                                                  slo-1                          
                                                                              et al            
                                                   slo-1 js379                    slo-1        
         
                                                                                            
                                                                                     slo-
1 js379                                                                                     
                                                                                          
                        
                                                                                          
                              slo-1 js379                                N2             N2
                                                   slo-1 js379                        slo-
1 js379             slo-1        slo-1 js379                     slo-1                slo-
1 js379               
                                                                                    
                                                                                              
               et al                                                                       
                                                 N2                                          
                                        slo-1 js379                                              
                                                                               slo-1 js379      
                                                                  N2                        
                                                                                             
                                                                              ’           
                                                            N2
                                        
slo-1 js379  ↑
N2                      ↓
                                
slo-1 js379  ↓
N2                      ↑
                                             slo-1 js379 
                                        
slo-1 js379                                
slo-1 js379             slo-1             
slo-1 js379                     slo-1    ↓   
                                                                                     
                                                                                  et al       
     et al                                                                                 
                                                                                             
                                                       ’                                      
                                                                                       
                                                                    
                                          slo-1 js379                                              
                                                                                             
                                                                                             
                                                                                               
                                                                                              
             
          et al                                                                        
                                                                                        
                                                                                        
                                      C. elegans                                        
                                                                                        
                                                                                           
                                                                     
                                                      C. elegans                      
                                                                                         
                                                                           C. elegans
          et al                  et al             et al                                    
        et al                                                                                
                                                                                           
                                                                                              
                 et al              et al                                     
                                                                                                    
                         
                                                                                   N2
                                                                                               
                                                                                            
                                                                        N2                
                                                                                             
                                                                     C. elegans        
Ascaris suum                       et al                                                  
                                                                                     
                                                                                           
                                           ’                                             
                                                                                   slo-1              
                                                               slo-1 js379            
                                                                                         slo-1 
                                    slo-1                                             
                                                                                          
                                    
         
                                 
          ’                     
                
                                                              ’                              
                                                                                            
                                                                                        
                                                                                            
                                                                                        
                                                                                            
                                                                                     
                            Ascaris suum                                             
                                    et al                      slo-1                          
                                                                                         
                                    slo-1                                            
                                                                                               
                                                                                              
                                                      
                                                                                                
                                                                                          
                                                                                            
                                                            Xenopus                    
             et al                                                    Xenopus             
                  et al                  slo           Drosophila melanogaster    
                       enopus                                                            
                                
                                                            
                    slo  mSlo            slo  hSlo                                   
 enopus                 et al              et al                             
              
                                                                                        
                                   mSlo     hSlo                                          
    dSlo                 C. elegans slo-1                            Xenopus              
et al                                 
                                                     
                                                                                            
                                                                                              
                                      Haemonchus contortus  Drosophila melanogaster     
Homo sapiens               C. elegans       
                                             
Haemonchus contortus                  
Drosophila melanogaster                       
Homo sapiens                   
                                                                                      
            C. elegans                                                               
                                                                 
                                                                                        
                   et al                             hSlo α                               
            hSlo                                                                      
Xenopus                                                                                    
              Xenopus                                                                      
                 et al                  dSlo                                             
                   
                                                                        et al          
              C. elegans                et al                et al                     
              C. elegans                                                                  
                                                                                      C. 
elegans                                               C. elegans slo-1                 
                                                                                           
                                                                                       
                                                                                           
        et al                                 et al                                         
                                                                                  et al 
                                 
                                                                        et al        
                                                                                         
                                                                                        
                                                                                        
                  C. elegans                et al                                         
                                                                               D. 
melanogaster       et al                                                                
                                                                               
                                                                      α             
                   et al                                                           
                                                                                        
         et al       
                  C. elegans slo-1               
                    C. elegans slo-1                                                
                                                                                         
                                                                                          
                                                             slo-1                     
                                                                                          
                                                           et al                           
               slo-1                                                                       
                       slo-1                                                               slo-
1 gfp              
slo-1                                                                                 
                                                                                           
                         ’                                                                  
                                                                        
                                                             ’                            
                                                                                                
                                                                                          ’     
                                                                                           
    unc-54                                                                    ’         
                                 
                               slo-1                                                   
                                        ’        C. elegans slo-1                            
                                                                     slo-1            
    “                               ”                     slo-1                        
                                                                                      
                                                      
                                     
                                                  
                                  
                                                        
                                                 “                               ”     
                                                                                            
                                                                                                
                                                           slo-1              unc-54 
   -                                              unc-54                                 
                                                                             unc-54     
                                                                                        
             
 ’ATGGGCGAGATTTACTCGCCT ’ slo-1       
 ’AGCCACCATGGGCGAGATTTACTCG ’               
 ’CCGAGGCTAGCCACCATGGGCGAGAT ’             
Kozak Nhe1 slo-1   
                                
  
                              slo-1                                                   
                                       slo-1            unc-54                      
                                     unc-54                                      
                 unc-54                                           slo-1            
                       
       
          
                                                                                        
    slo-                                                                               
                                                                    
                                                             
               
  
             slo-1                                                               slo-1 
                                                                                 
   slo-1                                                                             
                        slo-1                                                          
       
       
       
            
       
       
       
       
       
       
        
                      slo-1                                                            
                                                             slo-1                  
                                                                                           
                slo-1                                                                     
                                                                    
                                                                                         
                                              slo-1                                  
                                                                                     α 
                                                                                               
                                                                                                 
                                                                                                 
                                                                                               
                                                                                               
      
                                            “                               ”         
    slo-1                                                                 slo-1       
                                                                                         
                                                            
     
                         
                                                   slo-                        
                                                                       slo-1             
                                slo-1                                                
                   
                
 
       
        
     
         
      
         
      
          
       
         
      
         
       
         
      
          
       
         
     
         
      
         
                        slo-1                           slo-1              
                                 slo-1                                                   
                       slo-1                                             
       
          
                        
                                                                                       
                              μ                                                            
                                                                                             
                                                                                    
                   et al           et al             et al                                      
                                                                                            
         
                                                                                       
                                                                                       
                                                
                                       
                                                                                       
        et al                                                                             
                                                                                          
                                                                                          
                                                                                           
                                                                     
   μ    
       
       
       
       
                                                                                  
                                                                                         
                                                                                   
        
      
     
      
     
      
     
      
     
      
     
      
     
      
     
      
        
                                                                                             
                                                                                        
                et al           et al                et al                                  
                                                                                          
                                                                                          
                               
                                                                                       
                                                                                           
                                                                                 
                            
   
  
  
  
  
   
V (mV)
I
(
p
A
)   
                                           
                                                                                            
                                                                                       
                                                                                         
                                                                           –             
                                                                                       
                                                                                                   
                           
                                                                                        
                                                                                           
                              ■            ▼                                              
                                                  
                            
   
  
   
   
   
V (mV)
I
(
p
A
)   
    C. elegans slo-1                                                        
                                               slo-1                          
                                                                                            
                                                                                     
                                         et al                                gfp      
                                                               gfp                             
                                                                                            
                                                                                        
                                                                                       
                                                                           slo-1  
                                                          C. elegans slo-1                 
                                                                                         
                                                                               ■      C. 
elegans slo-1                           ○                   ≥                            
                               
                                                                                               
            slo-1                                                                          
                                               slo-1                                      
                         α                                                                 
                                           et al       
                            
   
  
  
  
  
   
V (mV)
I
(
p
A
)   
    Homo sapiens kcnma1                                                 
                                                kcnma1                             
                                                                                           et 
al                                gfp                                                          
                                                                                          
                                                                                          
                                                                                           
                                   slo-1                                      kcnma1  
                                                          H. sapiens kcnma1              
C. elegans slo-1                                                                         
                                                                                    
                            ■   C. elegans slo-1                           ○      H. 
sapiens kcnma1                           ▲                   ≥                            
                               
                            
    
   
    
    
    
    
    
V (mV)
I
(
p
A
)
     
   
   
   
   
   
   
   
      
                                                                             kcnma1    
                                                                                           
                                                                                           
   
             kcnma1                                                                
                                        kcnma1                                  
                                                                                         
                       
              
                                                                                    
                                                                                          
                                                 et al                                     
                                                                                         
                                  et al                                               
                                    et al                                               
                                                                                         
                                         et al                                            
                                                                                             
                                                          
                                                                                              
                                                                                         
                                                                                           
           α                                                                           
                                                                                              
                                                                              
                                                                                            
                                                                                         
                                                                                              
                                                                                            
                  
                                                                                            
                                                                                   –         
                                                                                         
                                                                                               
                                                                                             
                                                                                        
                                                                                            
                                  et al                                                        
                                    
                                                                                               
                                 slo-1                                                     
                                                                                             
     
             C. elegans                                                   et al        
                           N2      
                                                     
                                                                                           
              C. elegans                                  
                           et al
                                                   npr-1     npr-3                         
                            C. elegans slo-1                               
                 
                                                                                              
                                                H. sapiens     C. elegans  
                                    C. elegans slo-1                                    
                                                kcnma1                                     
                                     C. elegans slo-1     Homo sapiens kcnma1    
                                                                                   C. elegans
                                                                                 kcnma1  
Kcnma1                                                                                    
                                                                                    
                                                                    kcnma1                   
                                                                 kcnma1                   
                                       et al             et al       
                                                                                       
                                                                                           
                                                                                      
                                                                                        
                                                                                   
                                                                                       
                                                                                                     
kcnma1                                                               slo-1                 
                                                                                 
                                                                       
Chapter 8
Discussion    
                                                                                             
                                                                                 
                                                                                    
                                                                                               
                                                                                       
                                                                                     ’  
                                                                                            
                                                                                           C. 
elegans                                                                                     
                                                                                            
                                                                                            
                                                    C. elegans                             
                                                                                           
                           C. elegans                                                    
                     
                                                                                                
                                                                                                 
                                                                                           
                                                          Haemonchus contortus
                                                                                       
                                                                                         
                   C. elegans                                                              
          ’                                              lat-1                     
                                     ’                                                    et 
al                                          lat-2                                          
          ’                                         
                                                                                    
          ’                             lat-1 ok1465      lat-2 tm463                       
                                                                                          
                                                                                            
                                          ’                             lat-1 ok1465         
                                                           ’                                  
                                                      lat-1 ok1465                      
                                            lat-1  
                                                                               lat-1 ok1465  
    lat-2 tm463                                                                                
                   lat-1     lat-2          et al                                      
                                                                                              
                                                                                              
                                                                                         
                                                                                           
                                                                                          
                       lat-1 ok1465      lat-2 tm463                                      
                   lat-1     lat-2                          ’                           
                                            lat-2 lat-1                                           
                                                                                            
       lat-1    lat-2                                                                    ’  
                               lat-1 ok1465                                            
                                          lat-                            lat-2          
                                                                                          
                           lat-1 ok1465                ’                                     
                                                                                          
        
                                         ’                                    
                       μ                                      slo-1 js379   slo-1 js379  
                                                                                           
                                                                                          
                                                                                        
              slo-1                                                                          
                                                                                      
                  slo-1 js379         NM1968                                     
                              
                                                                                            
slo-1                                                                                     
                                              slo-1                                          
                                         ’                                                  
                                                                      ’                 
                                                                                                
                           
             slo-1                                                            pd24     pd23
                                                                                    pd17     
                                                 pd19                                 
                                                                                             
                                                     
                                                                                          
                                                                             slo-1         
                                                                                            
                                                                                               
                                                                                              
           pd21                                                                              
                                                                                      pd21
                                                                                              
                                                                                          
                                                                                         
                                                                                              
                                                                                        
                                                                                                  
                                                                                            
                                                                               slo-1 js379     
           slo-1                                               slo-1                            
                                         slo-1 js379   slo-1 ky389      slo-1 ky399          
                                                                                     
        et al                                                                                      
                                                                                      slo-
1 js379       slo-1                                                                    
                                   slo-1 ky399      slo-1 ky389                          
                                                    ’                                  
                                                                                       
          ’                                                                                  
                                                                                         
                                                                                 
                                                                   
                                                                                            
                                                                                           
                                             slo-1                                           
                           et al                      slo-1                               
              slo-1 js379                                                           
                                                                                                
                               slo-1 js379             slo-1                            
                                                                                          slo-
1 js379             slo-1                                                                 
                                                                                            
                         slo-1                               slo-1                             
                                                                            slo-1       slo-
1 js379                                snb-1                                            
                                     slo-1                                                  
                                                      slo-1                                
                                    et al                                               
                                                                                                
                                                                                             
                                                  slo-1                                       
                    slo-1 js379                                                              
                                        
   slo-1                                                              slo-1                
                          slo-1 js379                                                           
                                                                                              
                                     slo-1 js379             slo-1                           
                                                                                         
                      
                 slo-1 js379                                                                 
                             slo-1                                                  
                           slo-1                                slo-1 js379                   
                                                     ’                                    
                                                                                                
                           ’                                                                   
                                                               ’             
                                                                                          
                                                         slo-1 js379                  
                                                                                          
                                                                                         
                             slo-1 js379                                                 
                                                                                          
                    et al                                                                   
                                                                                           
                                                                                      
                                                                                                 
N2                                                                                      
                           slo-1 js379                                                   
                            et al                                                               
                                                    N2                             
                                slo-1 js379                                            
                                                                                        
                                                                                              
             C. elegans                                 Ascaris suum                        
                                                               C. elegans                  
                                                                   ’                        
                                                                                       
                                       ’                                                
                                                                                        
                                                                                        
                                                                                            
                                              ’                                              
                                                                                               
                                                                                          
                                                                                           
                                                          
Figure 8.01. Proposed mechanism of action for emodepside.
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Appendix 2
Genotype Allele Strain
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Appendix 4
Variability in lat-2(tm463) XA3727 thrashing assays
1)
2)
3)
Figure A. lat-2(tm465) XA3727 thrashing assay.                                  
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Effect of out crossing on lat-2(ok301) emodepside sensitivity in body bends assay
Figure B. lat-2(ok301) out crossing increases emodepside sensitivity.               
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Example of tracking lat-2(ok301) deletion during out crossing using PCR.
1)
2)
3)
Figure C. Tracking lat-2(ok301) deletion during out crossing.       1)              
                                     ok301                        2)              
                  ok301                                        3)                 
               ok301                                        
Identification of possible slo-1 splice variant
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gattctctagcgatgcagctttacagaagtattcgggaccgcagg
Figure D. Possible alternate slo-1 spice variant.                                      
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